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(57) ABSTRACT

The present invention provides a method for conveniently
and efficiently producing a 3-acetylamino-4-hydroxyben-
zoic acid-type compound that is a stable compound by a
process using a microorganism. Specifically the present
invention provides a microorganism having an ability to
produce 3-amino-4-hydroxybenzoic acid, that is modified so
as to increase an activity to form 3-amino-4-hydroxybenzoic
acid from dihydroxyacetone phosphate and aspartate semi-
aldehyde, wherein the microorganism is modified so as to
increase an N-hydroxyarylamine O-acetyltransferase
(NhoA) activity, as well as a method for producing the
3-acetylamino-4-hydroxybenzoic  acid-type = compound
using such a microorganism.

10 Claims, 1 Drawing Sheet
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1
METHOD FOR PRODUCING
3-ACETYLAMINO-4-HYDROXYBENZOIC
ACID

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of, and claims priority
under 35 U.S.C. §120 to, International Patent Application
No. PCT/IP2013/056025, filed on Mar. 5, 2013, which
claims priority therethrough under 35 U.S.C. §119 to Japa-
nese Patent Application No. 2012-122388, filed on May 29,
2012, which are incorporated in their entireties by reference.
Also, the Sequence Listing filed electronically herewith is
hereby incorporated by reference (File name: 2014-11-
19T_US-526_Seq_List; File size: 67 KB; Date recorded:
Nov. 19, 2014).

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for producing
3-acetylamino-4-hydroxybenzoic acid, and the like.

2. Brief Description of the Related Art

Amino-hydroxybenzoic acid-type compounds are useful
as intermediates of dyes, agricultural chemicals, pharma-
ceuticals, and other organic synthesized products and as a
monomer for polymer polybenzoxazole with high perfor-
mance and heat resistance. 3-Amino-4-hydroxybenzoic acid
(3,4-AHBA) is biosynthesized in two steps by both Gril and
GriH. Gril catalyzes a carbon-carbon binding reaction
between a C4 compound having an amino group and a C3
or C4 compound and GriH catalyzes cyclization of a C7
compound or cyclization of a C8 compound with decar-
boxylation using dihydroxyacetone phosphate (DHAP) and
aspartate semialdehyde (ASA) as substrates.

Chemical 1
OPO;H,
| HOOC NH,
HC O \i Gril
\( + —
CH,OH CHO
ASA
DHAP
OPO;H,
| HOOC NH,
1, CH
HOOC | GriHl
C e O —
OH
o 3,4-AHBA
OH

3,4-AHBA is unstable, and easily oxidized to form
2-aminophenoxazin-3-one-8-carboxylic acid (APOC) (see
below). JP 2004-283163-A describes that when 3,4-AHBA
forms as a byproduct, it is converted into APOC over time
in the culture medium during production of 3-acetylamino-
4-hydroxybenzoic acid (3,4-AcAHBA). However, 34-
AcAHBA is more stable than 3,4-AHBA because 3.,4-
AcAHBA is stabilized by acetylation and hence avoids
oxidation. 3,4-AcAHBA can easily be converted into 3,4-
AHBA by treating with an acid, a base or the like. 3,4-
AcAHBA can be handled more easily than 3,4-AHBA that
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is oxidized to form APOC and thus is unstable. Therefore,
development of an excellent method for producing 3,4-
AcAHBA is desirable.

Chemical 2
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JP 2004-283163-A describes that when 3,4-AHBA forms
as a byproduct, it is converted into APOC over time in the
culture medium during production of 3,4-AcAHBA. IP
2004-283163-A also discloses that 3,4-AcAHBA is deacety-
lated to form 3,4-AHBA.

International Publication W02010/005099 discloses that
3,4-AHBA is formed by using Corynebacterium glutamicum
that has been transformed with gril and griH.

J. Biol. Chem. 281 (2006), 36944-36951 discloses that
3,4-AHBA and 3,4-AcAHBA are formed by introducing gril
and griH into Escherichia coli.

J. Bacteriol. 189 (2007), 2155-2159 discloses that 3.4-
AcAHBA is not formed in culture by deleting arylamine
N-acetyltransferase (natA) gene in Strepromyces griseus.

Biochim. Biophys. Acta. 1475 (2000), 10-16 discloses
that N-hydroxyarylamine O-acetyltransferase (nhoA) gene
derived from Escherichia coli works to catalyze acetylation
for an aromatic amino group. Meanwhile, J. Antibiot., vol.
59 (2006), p. 464 discloses that E. coli BAP1 strain forms an
N-acetylated product (3,5-AcAHBA) as a byproduct of
3,5-AHBA (a structural isomer of 3,4-AHBA), and also
discloses that it is conceivable that NhoA is not a major
factor for N-acetylation of 3,5-AHBA because 3,4-
AcAHBA is also formed as a byproduct in an NhoA gene-
deleted strain (MARI1 strain) of . coli BAP1.

SUMMARY OF INVENTION

It is an aspect of disclosed subject matter to provide a
method for conveniently and efficiently producing a stable
3-acetylamino-4-hydroxybenzoic acid-type compound by a
process using a microorganism.

It has been found that nhoA is involved in production of
3,4-AcAHBA as a byproduct from 3,4-AHBA in Escheri-
chia coli. Also, AcAHBA can be formed without production
of the byproduct AHBA by the use of a microorganism
modified so as to increase an NhoA activity, and the like.

It is an aspect of the disclosed subject matter to provide
a microorganism that is able to produce 3-amino-4-hydroxy-
benzoic acid, wherein said microorganism is modified so as
to increase formation of 3-amino-4-hydroxybenzoic acid
from dihydroxyacetone phosphate and aspartate semialde-
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hyde, wherein the microorganism is modified so as to
increase an N-hydroxyarylamine O-acetyltransferase
(NhoA) activity.

It is a further aspect of the disclosed subject matter to
provide the microorganism as described above, wherein
NhoA is increased by transformation with a recombinant
vector comprising a DNA encoding the NhoA.

It is a further aspect of the disclosed subject matter to
provide the microorganism as described above, wherein the
NhoA is a protein selected from the group consisting of:

(I) a protein comprising the amino acid sequence of SEQ
ID NO:2;

(I) a protein comprising an amino acid sequence having
one or several amino acid substitutions, deletions, insertions
or additions in the amino acid sequence of SEQ ID NO:2 and
having an N-hydroxyarylamine O-acetyltransferase activity;
and

(IIT) protein comprising an amino acid sequence having
70% or more identity to the amino acid sequence of SEQ ID
NO:2 and having an N-hydroxyarylamine O-acetyltrans-
ferase activity.

It is a further aspect of the disclosed subject matter to
provide the microorganism as described above, wherein the
DNA encoding the NhoA is selected from the group con-
sisting of

(1) a DNA comprising the nucleotide sequence of SEQ ID
NO:3;

(ii) a DNA that hybridizes under a stringent condition
with the nucleotide sequence complementary to the nucleo-
tide sequence of SEQ ID NO:3 and encodes a protein having
an N-hydroxyarylamine O-acetyltransferase activity; and

(iii) a DNA comprising a nucleotide sequence having 70%
or more identity to the nucleotide sequence of SEQ ID NO:3
and encoding a protein having an N-hydroxyarylamine
O-acetyltransferase activity.

It is a further aspect of the disclosed subject matter to
provide the microorganism as described above, wherein the
microorganism belongs to the genus Escherichia, the genus
Pantoea, or the genus Corynebacterium.

It is a further aspect of the disclosed subject matter to
provide the microorganism as described above, wherein the
microorganism is Escherichia coli, Pantoea ananatis, or
Corynebacterium glutamicum.

It is a further aspect of the disclosed subject matter to
provide the microorganism as described above], wherein
3-amino-4-hydroxybenzoic acid is produced by transforma-
tion with a recombinant vector comprising a DNA encoding
a protein having an activity to form the 3-amino-4-hydroxy-
benzoic acid from the dihydroxyacetone phosphate and the
aspartate semialdehyde.

It is a further aspect of the disclosed subject matter to
provide the microorganism as described above, wherein the
proteins having the activity to form 3-amino-4-hydroxyben-
zoic acid are Gril and GriH.

It is a further aspect of the disclosed subject matter to
provide the microorganism as described above, wherein the
Gril is selected from the group consisting of:

(A) a protein comprising an amino acid sequence of SEQ
ID NO:9 or SEQ ID NO:18;

(B) a protein comprising an amino acid sequence having
one or several amino acid substitutions, deletions, insertions
or additions in the amino acid sequence in (A) above and
having an aldolase activity; and

(C) a protein comprising an amino acid sequence having
70% or more identity to the amino acid sequence in (A)
above and having an aldolase activity;
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and wherein the GriH protein is selected from the group
consisting of:

(D) a protein comprising an amino acid sequence of SEQ
ID NO:11 or SEQ ID NO:20;

(E) a protein comprising an amino acid sequence having
one or several amino acid substitutions, deletions, insertions
or additions in the amino acid sequence in (D) above and
having a 3-amino-4-hydroxybenzoic acid synthase activity;
and

(F) a protein comprising an amino acid sequence having
70% or more identity to the amino acid sequence in (D)
above and having a 3-amino-4-hydroxybenzoic acid syn-
thase activity.

It is a further aspect of the disclosed subject matter to
provide the microorganism as described above, wherein the
DNA encoding the protein having the activity to form
3-amino-4-hydroxybenzoic acid is selected from the group
consisting of:

(a) a DNA comprising a nucleotide sequence of SEQ ID
NO:10 or SEQ ID NO:19;

(b) a DNA that hybridizes under a stringent condition with
a nucleotide sequence complementary to the nucleotide
sequence in (a) above and encodes a protein having an
aldolase activity;

(c) a DNA that has 70% or more identity to the nucleotide
sequence in (a) above and encodes a protein having an
aldolase activity;

and wherein the griH gene is a DNA selected from the
group consisting of:

(d) a DNA comprising a nucleotide sequence of SEQ ID
NO:12 or SEQ ID NO:21;

(e) a DNA that hybridizes under a stringent condition with
a nucleotide sequence complementary to the nucleotide
sequence in (d) above and encodes a protein having a
3-amino-4-hydroxybenzoic acid synthase activity; and

() a DNA that has 70% or more identity to the nucleotide
sequence in (d) above and encodes a protein having a
3-amino-4-hydroxybenzoic acid synthase activity.

It is another aspect of the disclosed subject matter to
provide a method for producing a 3-acetylamino-4-hydroxy-
benzoic acid-type compound, comprising culturing the
microorganism as described above to form the 3-acety-
lamino-4-hydroxybenzoic acid-type compound.

It is a further aspect of the disclosed subject matter to
provide the method for producing a 3-amino-4-hydroxyben-
zoic acid-type compound, comprising:

(1) forming a 3-acetylamino-4-hydroxybenzoic acid-type
compound as described above; and

(2) deacetylating the 3-acetylamino-4-hydroxybenzoic
acid-type compound to form the 3-amino-4-hydroxybenzoic
acid-type compound.

It is a further aspect to provide a method for producing a
polymer containing a 3-amino-4-hydroxybenzoic acid-type
compound as a component, comprising:

(1) forming the 3-amino-4-hydroxybenzoic acid-type
compound as described above; and

(2") polymerizing the 3-amino-4-hydroxybenzoic acid-
type compound to obtain a polymer containing the 3-amino-
4-hydroxybenzoic acid-type compound as a component.

It is a further aspect to provide the method as described
above, wherein the polymer is a polybenzoxazole polymer.

According to the described subject matter, it is possible to
conveniently and efficiently produce a stable 3-acetylamino-
4-hydroxybenzoic acid-type compound.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1(a)-(c) show analysis results of (a) culture super-
natant of Escherichia coli BW25113/pSTV28-EcGri/pUC19
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strain, (b) culture supernatant of Escherichia coli BW25113/
pSTV28-EcGri/pUC19-NhoA strain, and (¢) a 3,4-AHBA
standard product, by reverse phase column chromatography.

DETAILED DESCRIPTION

The presently disclosed subject matter provides a micro-
organism having an ability to produce 3-acetylamino-4-
hydroxybenzoic acid. When the microorganism is used, the
formation of 3-acetylamino-4-hydroxybenzoic acid (3,4-
AcAHBA) is facilitated, and accumulation of the non-
acetylated product 3-amino-4-hydroxybenzoic acid (3,4-
AHBA) can be suppressed in culture medium.

<1> Modification to Increase Activity of N-Hydrox-
yarylamine O-Acetyltransferase (NhoA)

The production of 3,4-AcAHBA can be facilitated by
modifying a microorganism so as to increase the activity of
N-hydroxyarylamine O-acetyltransferase (NhoA), and con-
sequently accumulation of 3,4-AHBA can be suppressed in
the culture medium. The NhoA activity is an N-hydrox-
yarylamine O-acetyltransferase activity, and refers to an
activity to form 3-acetylamino-4-hydroxybenzoic acid (3,4-
AcAHBA) from 3-amino-4-hydroxybenzoic acid (3,4-
AHBA) in relationship with 3,4-AHBA.

“Modified so as to increase an NhoA activity” can mean
that the NhoA activity becomes higher than the specific
activity of an unmodified strain, e.g., a wild-type strain of
the microorganism. The NhoA activity can be increased to
150% or more per microbial cell, 180% or more, or 200% or
more per microbial cell, as compared with that of the
unmodified strain. The microorganism as described herein
has only to have more increased NhoA activity than the
wild-type strain or the unmodified strain, but it is more
desirable that the accumulation of 3,4-AcAHBA in the
microorganism is enhanced compared with these strains.
“Modified so as to increase an NhoA activity” can also
corresponds to when a molecular number of NhoA per cell
increases or when the NhoA activity per molecule increases,
among others. Specifically, the modification to increase the
NhoA activity may be introduced by ordinary mutagenesis
or gene engineering treatment. Examples of the mutagenesis
include X ray and ultraviolet ray irradiations, and treatments
with mutagenic agents such as N-methyl-N'-nitro-N-ni-
trosoguanidine. Examples of such modification may include
introduction of a mutation into a nhoA gene (including an
expression regulating region) on a chromosome so that the
NhoA activity can be increased compared with that of
non-mutant strains. Such modification can be accomplished
by transforming a desired microorganism with a recombi-
nant vector including a DNA that encodes a protein having
the NhoA activity.

The activity and the degree of an increase of the activity
in a target enzyme can be confirmed by measuring the
enzyme activity using a cell extract obtained from a candi-
date microbial strain or a purified fraction therefrom, and
comparing it with an activity in the wild-type strain or the
unmodified strain. For example, the NhoA activity can be
measured by a method described in Biochim. Biophys. Acta.
1475 (2000), 10-16.

A microorganism modified so as to increase the NhoA
activity can include a microorganism inherently able to
produce 3,4-AHBA, and/or a microorganism to which the
ability to produce 3,4-AHBA has been imparted. The ability
to produce 3,4-AHBA can be imparted by methods
described later. Examples of the microorganism may
include, but are not limited to, bacteria, actinomycetes and
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fungi. The microorganisms can be bacteria belonging to the
genus Escherichia, bacteria belonging to the genus Pantoea,
or coryneform bacteria.

The bacteria belonging to the genus Escherichia that can
be used include strains described in, for example, Neidhardt
et al. (Neidhardt, F. C. Ed. 1996. Escherichia coli and
Salmonella: Cellular and Molecular Biology/Second Edition
pp. 2477-2483. Table 1. American Society for Microbiology
Press, Washington, D.C.). Examples of Escherichia coli may
include K12 strain (ATCC10798) or its substrains (e.g.,
BW25113(CGSC7630), DH1 (ATCC33747), MG1655
(ATCC700926), W3110(ATCC27325)), B strain or its sub-
strains  (e.g., BL21 (ATCC BAA-1025), REL606
(CGSC12149)) or the like. Those having a CGSC number in
the above bacterial strains are available from The Coli
Genetic Stock Center (cgsc.biology.yale.edu). Those having
an ATCC number in the above bacterial strains are available
from American Type Culture Collection (atcc.org).

Bacteria belonging to the genus Pantoea can mean bac-
teria classified into the genus Pantoea by professionals in
microbiology. Some species of Enterobacter agglomerans
have been recently reclassified into Pantoea agglomerans,
Pantoea ananatis, Pantoea stewartii, and the like, based on
analysis of nucleotide sequences of 16S rRNA and the like
(Int. J. Syst. Bacteriol. 1993. 43: 162-173). In the present
invention, the bacteria belonging to the genus Pantoea also
include such bacteria reclassified into the genus Pantoea.
Representative bacterial strains in the genus Panfoea may
include Pantoea ananatis, Pantoea stewartii, Pantoea
agglomerans, and Pantoea citrea. Specific examples thereof
may include Pantoea ananatis AJ13355 strain (FERM
BP-6614) (Europe Patent Application Publication No.
0952221), Pantoea ananatis AJ13356 strain (FERM
BP-6615) (Europe Patent Application Publication No.
0952221), and the like. These bacterial strains are described
as bacteria belonging to Enterobacter agglomerans in
Europe Patent Application Publication No. 0952221, but
have been currently reclassified into Pantoea ananatis based
on the analysis of the nucleotide sequences of 16S rRNA and
the like as described above.

The group of coryneform bacteria includes bacteria that
were conventionally classified into the genus Brevibacte-
rium but have been currently integrated into the genus
Corynebacterium (Int. J. Syst. Bacteriol., 41, 255(1991)),
also includes bacteria belonging to the genus Brevibacte-
rium that are closely related to bacteria belonging to the
genus Corynebacterium, and following are specifically
exemplified (International Publication W02010/005099):

Corynebacterium acetoacidphilum,

Corynebacterium acetoglutamicum,

Corynebacterium alkanolyticum,

Corynebacterium callunae,

Corynebacterium glutamicum,

Corynebacterium lilium (Corynebacterium glutamicum),

Corynebacterium melassecola,

Corynebacterium thermoaminogenes,

Corynebacterium herculis,

Brevibacterium divaricatum (Corynebacterium glutami-
cum),

Brevibacterium flavum (Corynebacterium glutamicum),

Brevibacterium immariophilum,

Brevibacterium lactofermentum (Corynebacterium gluta-
micum),

Brevibacterium roseum,

Brevibacterium saccharolyticum,

Brevibacterium thiogenitalis,

Brevibacterium album,
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Brevibacterium cerinum, and

Microbacterium ammoniaphilum.

NhoA may include a protein having an amino acid
sequence having 70% or more, 80% or more, 90% or more,
95% or more, or 98% or 99% or more identity to the amino
acid sequence of SEQ ID NO:2 and having the NhoA
activity. Also the nhoA gene may include a DNA having a
nucleotide sequence having 70% or more, 80% or more,
90% or more, 95% or more, or 98% or 99% or more identity
to the nucleotide sequence of SEQ ID NO:3 and encoding
the protein having the NhoA activity.

Homology (e.g., identity or similarity) between the amino
acid sequences or between the nucleotide sequences can be
determined, for example, by using the algorithm BLAST by
Karlin and Altschul (Pro. Natl. Acad. Sci. USA, 90, 5873
(1993)) and FASTA by Pearson (Methods Enzymol., 183, 63
(1990)). Programs termed BLASTP and BLASTN were
developed based on this algorithm BLAST (see ncbi.nlm-
.nih.gov). Thus, the homology between the amino acid
sequences and between the nucleotide sequences may be
calculated using these programs using the default settings.
Also, for example, a numerical value obtained by calculating
as a percentage using a full length portion of a polypeptide
encoded in ORF using software GENETYX Ver. 7.0.9 with
a setting of Unit Size to Compare=2, which is available from
Genetyx Corporation employing Lipman-Pearson method
may be used as the homology between the amino acid
sequences. The lowest value in the values derived from these
calculations may be employed as the homology between the
amino acid sequences and between the nucleotide
sequences.

The nucleotide sequence of the nhoA gene can vary
depending on the strain of the microorganism. Examples of
the protein encoded by the nhoA gene may include proteins
having an amino acid sequence having one or several amino
acid substitutions, deletions, insertions or additions at one or
multiple positions in the amino acid sequence of SEQ ID
NO:2 and having the NhoA activity. Here, “several” varies
depending on locations of the amino acid residues in a
three-dimensional structure of a protein or types of the
amino acid residues, but can be 1 to 100, 1 to 50, 1 to 30,
most preferably 1 to 20, or 1 to 10 (for example, 1, 2, 3, 4,
or 5). Such a substitution, deletion, insertion, addition or the
like includes those due to a naturally occurring mutation
(mutant or variant) based on individual difference of a
microorganism having the nhoA gene.

The above substitution may be a conservative substitution
that is a neutral mutation that causes no functional change.
The conservative mutation is a mutation in which the
substitution occurs mutually between Phe, Trp and Tyr when
a site to be substituted is an aromatic amino acid, between
Leu, Ile and Val when a site to be substituted is a hydro-
phobic amino acid, between Gln and Asn when a site to be
substituted is a polar amino acid, between Lys, Arg and His
when a site to be substituted is a basic amino acid, between
Asp and Glu when a site to be substituted is an acidic amino
acid, and between Ser and Thr when a site to be substituted
is an amino acid having a hydroxyl group. More specifically,
the conservative substitution may include the substitution
from Ala to Ser or Thr, the substitution from Arg to Gln, His
or Lys, the substitution from Asn to Glu, Gln, Lys, His or
Asp, the substitution from Asp to Asn, Glu or Gln, the
substitution from Cys to Ser or Ala, the substitution from
Gln to Asn, Glu, Lys, His, Asp or Arg, the substitution from
Glu to Gly, Asn, Gln, Lys or Asp, the substitution from Gly
to Pro, the substitution from His to Asn, Lys, Gln, Arg or Tyr,
the substitution from Ile to Leu, Met, Val or Phe, the
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substitution from Leu to Ile, Met, Val or Phe, the substitution
from Lys to Asn, Glu, Gln, His or Arg, the substitution from
Met to Ile, Leu, Val or Phe, the substitution from Phe to Trp,
Tyr, Met, Ile or Leu, the substitution from Ser to Thr or Ala,
the substitution from Thr to Ser or Ala, the substitution from
Trp to Phe or Tyr, the substitution from Tyr to His, Phe or
Trp, and the substitution from Val to Met, Ile or Leu.

The nhoA gene may also be a DNA that hybridizes with
the nucleotide sequence complementary to the nucleotide
sequence of SEQ ID NO:3 under a stringent condition and
encodes the protein having the NhoA activity. Here, “strin-
gent condition” can mean when a so-called specific hybrid
is formed while a non-specific hybrid is not formed. One
example is a condition where polynucleotides having high
homology (e.g., identity or similarity), for example, 70% or
more, 80% or more, 90% or more, 95% or more, or 98% or
more homology hybridize each other while polynucleotides
having lower homology than that do not hybridize each
other. Specifically, such a condition may include hybridiza-
tion in 6xSSC (sodium chloride/sodium citrate) at about 45°
C. followed by one or two or more washings in 0.2xSSC and
0.1% SDS at 50 to 65° C.

<2> Modification to Increase Activity to Form 3-Amino-
4-Hydroxybenzoic Acid from Dihydroxyacetone Phosphate
and Aspartate Semialdehyde

A microorganism can be modified so as to increase the
activity to form 3-amino-4-hydroxybenzoic acid (3,4-
AHBA) from dihydroxyacetone phosphate (DHAP) and
aspartate semialdehyde (ASA). Such modification can be
accomplished by, for example, transforming a desired
microorganism with a recombinant vector including a DNA
encoding a protein having the activity to form 3,4-AHBA
from DHAP and ASA. The protein having the activity to
form 3,4-AHBA from DHAP and ASA is not particularly
limited as long as the protein contributes to the formation of
3,4-AHBA from DHAP and ASA, and includes, for
example, proteins having an enzyme activity to catalyze
formation of a carbon-carbon bond between DHAP and ASA
(hereinafter sometimes abbreviated as an “aldolase activ-
ity”’) and proteins having an enzyme activity to catalyze
cyclization of a C7 compound obtained by forming the
carbon-carbon bond between DHAP and ASA (hereinafter
sometimes abbreviated as a 3-amino-4-hydroxybenzoic acid
synthase activity). Hereinafter, both the above activities are
sometimes referred to as the ability to biosynthesize 3,4-
AHBA.

A gene encoding the protein having the enzyme activity to
catalyze the formation of the carbon-carbon bond between
DHAP and ASA may include a gril gene or a gril gene
homolog (both the gril gene and the gril gene homolog are
sometimes simply referred to as the gril gene) derived from
Streptomyces griseus. The gril gene homolog can refer to a
gene that is derived from another microorganism, exhibits
high homology to the above gene derived from Streptomyces
griseus, and encodes a protein having the aldolase activity.
Such a gene can be found by a BLAST search. Examples
thereof may include an nspl gene derived from Streptomyces
murayamaensis (SEQ ID NO:18 and 19), fructose-bispho-
sphate aldolase (Accession no. YP_483282) and Fructose-
bisphosphate aldolase (Accession no. YP_481172) derived
from Frankia sp., Fructose-bisphosphate aldolase (sanger-
.ac.uk/cgi-bin/blast/submitblast/s —scabies) derived from
Streptomyces scabies, fructose-bisphosphate aldolase (Ac-
cession no. Q39NQ9) derived from Burkholderia sp. 383,
fructose-bisphosphate aldolase (Accession no. NP_247374)
derived from Methanococcus jannaschii, and a dhnA gene
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(Accession no. NC_000913) derived from Escherichia coli
(Journal of Biochemistry vol. 281, NO. 48, pp.36944-36951,
supplementary data).

The gene encoding the protein having the enzyme activity
to catalyze the cyclization of the C7 compound obtained by
forming the carbon-carbon bond between DHAP and ASA
may include a griH gene or a griH gene homolog (both the
griH gene and the griH gene homolog are sometimes simply
referred to as the griH gene) derived from Streptomyces
griseus. The griH gene homolog can refer to a gene that is
derived from another microorganism, exhibits high homol-
ogy to the above gene derived from Streptomyces griseus,
and encodes a protein having the 3-amino-4-hydrosybenzoic
acid synthase activity. Such a gene can be found by BLAST
search. Examples thereof may include an nspH gene derived
from Streptomyces murayamaensis (SEQ ID NO:20 and 21),
3-dehydroquinate synthase (Accession no. YP_483283) and
3-dehydroquinate synthase (Accession no. YP_481171)
derived from Frankia sp., 3-dehydroquinate synthase (Ac-
cession n0.YP—366552) and 3-dehydroquinate synthase
(Accession no. YP_366553) derived from Burkholderia sp.
383, 3-dehydroquinate synthase (sanger.ac.uk/cgi-bin/blast/
submitblast/s_scabies) derived from

Streptomyces scabies, and 3-dehydroquinate synthase
(Accession no. NP_248244) derived from Methanococcus
Jjannaschii (Journal of Biochemistry vol. 281, NO. 48,
pp-36944-36951, supplementary data).

Gril and GriH or the gril gene and the griH gene derived
from any organism can be used. For example, they can be
derived from microorganisms such as the bacteria or actino-
mycetes described above. Examples of actinomycetes can
include microorganisms belonging to the genus Strepromy-
ces. Examples of the microorganisms belonging to the genus
Streptomyces can include Streptomyces griseus, Streptomy-
ces murayamaensis, Streptomyces lividans, and Streptomy-
ces scabies. Gril and GriH or the gril gene and the griH gene
can be derived from the same microorganism or different
microorganisms.

A Gril homolog can have an amino acid sequence having
70% or more, 80% or more, 90% or more, 95% or more,
98% or 99% or more identity to SEQ ID NO:9 or 18 that is
an amino acid sequence of a protein encoded by the above
gril gene and having the aldolase activity. Examples thereof
may include SEQ ID NOS:9, 11, 13, 15, 17, 19, and 21 in
the international Publication W02010/005099. The gril
gene homolog can include a nucleotide sequence having
70% or more, 80% or more, 90% or more, 95% or more,
98% or 99% or more identity to SEQ ID NO:10 or 19, and
can encode a protein having aldolase activity. Examples
thereof may include SEQ ID NOS:8, 10, 12, 14, 16, 18 and
20 in the international Publication W02010/005099.

A GriH homolog can have an amino acid sequence having
70% or more, 80% or more, 90% or more, 95% or more,
98% or 99% or more identity to SEQ ID NO:11 or 20, is
encoded by the above griH gene, and has 3-amino-4-hy-
droxybenzoic acid synthase activity. Examples thereof may
include SEQ ID NOS:23, 25, 27, 29, 31, 33, and 35 in the
international Publication W0O2010/005099. Also, the griH
gene homolog can have a nucleotide sequence having 70%
or more, 80% or more, 90% or more, 95% or more, 98% or
99% or more identity to SEQ ID NO:12 or 21, and can
encode a protein having 3-amino-4-hydroxybenzoiic acid
synthase activity. Examples thereof may include SEQ ID
NOS:22, 24, 26, 28, 30, 32, and 34 in the international
Publication W02010/005099.

A position or positions of an amino acid residue, when
mutated, which do not influence activity in an amino acid
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sequence is evident to those of ordinary skill in the art, and
a protein mutant may be made further with reference to a
sequence alignment. Specifically, those skilled in the art can
(1) compare amino acid sequences of a plurality of homolog
proteins, (2) determine relatively conserved region(s) and
relatively non-conserved region(s), then (3) predict region(s)
capable of playing an important role for its function and
region(s) incapable of playing an important role for its
function from the relatively conserved region(s) and the
relatively non-conserved region(s), respectively, and thus
recognize correlativity of its structure/function. The inter-
national Publication W02010/005099 discloses the align-
ment of the amino acid sequences of the above gril gene
homologs (FIGS. 1 and 2 in International Publication
WO02010/005099), the alignment of the amino acid
sequences of the above griH gene homologs (FIGS. 3 and 4
in International Publication W02010/005099), and their
consensus (common) sequences (SEQ ID NOS:36 and 37 in
International Publication W0O2010/005099). The homologs
of the gril gene include a gene encoding the amino acid
sequence of SEQ ID NO:36 in International Publication
W02010/005099, and the homologs of the griH gene
include a gene encoding the amino acid sequence of SEQ ID
NO:37 in International Publication W(02010/005099).

The homology (e.g., identity or similarity) between the
amino acid sequences and between the nucleotide sequences
can be determined as described above.

The nucleotide sequence of the gril gene or the griH gene
may vary depending on species and microbial strain of the
microorganism. Thus, it is only necessary that the gril gene
and the griH gene be able to enhance the ability to produce
3,4-AHBA in Escherichia coli by expressing them in
Escherichia coli, e.g., augmenting their expression. For
example, a protein encoded by the gril gene can have an
amino acid sequence having one or several amino acid
substitutions, deletions, insertions, additions or the like at
one or multiple positions in the amino acid sequence of the
protein encoded by the gril gene (SEQ ID NO:9 or 18) and
have aldolase activity. Examples thereof may include SEQ
ID NOS:9, 11, 13, 15, 17, 19, and 21 in the international
Publication W02010/005099. A protein encoded by the gril
gene can have an amino acid sequence having one or several
amino acid substitutions, deletions, insertions additions or
the like at one or multiple positions in the amino acid
sequence of the protein encoded by the griH gene (for
example, SEQ ID NO:11 or 20) and have 3-amino-4-
hydroxybenzoic acid synthase activity. Examples thereof
may include SEQ ID NOS:23, 25, 27, 29. 31, 33, and 35 in
the international Publication W(02010/005099. Here, “sev-
eral” varies depending on locations of the amino acid
residues in a three-dimensional structure of a protein or
types of the amino acid residues, but can be 1 to 50, 1 to 20,
1to 10 and 1 to 5. Such an amino acid substitution, deletion,
insertion, addition or the like can include those that naturally
occur (mutant or variant) based on individual difference or
species difference of the microorganism having the gril gene
or the griH gene, or the like. The substitution can be a
conservative substitution that is neutral substitution in which
a function is not changed. The conservative substitution is as
described above.

Furthermore, degeneracy of the gril gene and the griH
gene varies depending on a host to which such a gene is
introduced. Thus, codons may be replaced with codons
available in a desired microorganism. Likewise, the gril
gene and the griH gene may be genes encoding proteins that
are extended or truncated on an N terminal side and/or a C
terminal side as long as the gene has a function to enhance
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the ability to produce 3,4-AHBA in a microorganism. For
example, a length of extended or truncated residues is 50 or
less, 20 or less, 10 or less, or 5 or less of amino acid residues.
More specifically, the gene may be a gene encoding a protein
in which 50 to 5 amino acid residues on the N terminal side
or 50 to 5 amino acid residues on the C terminal side have
been extended or truncated.

Such a gene that is homologous to the gril gene or the
griH gene can be acquired by, for example, modifying the
gene encoding an amino acid sequence by site-specific
mutagenesis so that an amino acid residue at a particular
position of the encoded protein can include the substitution,
deletion, insertion or addition. Such a homologous gene can
also be acquired by conventionally known mutation treat-
ments, such as by treating the gril gene or the griH gene with
hydroxylamine and the like in vitro or treating a microor-
ganism carrying the gene with ultraviolet ray or a mutating
agent such as N-methyl-N'-nitro-N-nitrosoguanidine (NTG)
or ethyl methanesulfonate (EMS) generally used for the
mutation treatment, error prone PCR (Cadwell, R. C. PCR
Meth. Appl. 2, 28(1992)), DNA shuffling (Stemmer, W. P.
Nature 370, 389 (1994)), and StEP-PCR (Zhao, H. Nature
Biotechnol. 16, 258 (1998)). Utilizing these treatments, a
mutation can be artificially introduced into the gril gene or
the griH gene by gene recombination to acquire a gene
encoding an enzyme with high activity.

The gril gene can also be a DNA that hybridizes under a
stringent condition with a nucleotide sequence complemen-
tary to a nucleotide sequence of the gril gene or its homolog
gene (e.g., SEQ ID NO:10 or 19, or SEQ IDS NO:8, 10, 12,
14, 16, 18 or 20 in the international Publication WO2010/
005099) and encodes a protein having the aldolase activity.
The griH gene can also be a DNA that hybridizes under a
stringent condition with a nucleotide sequence complemen-
tary to a nucleotide sequence of the griH gene or its homolog
gene (e.g., SEQ ID NO:12 or 21, or SEQ ID NOS:22, 24, 26,
28, 30, 32 or 34 in the international Publication WO2010/
005099) and encodes a protein having the 3-amino-4-hy-
droxybenzoic acid synthase activity. The “stringent condi-
tion” is the same as described above.

The descriptions concerning the above gene homologs
and the conservative substitution can be applied to the other
genes described herein in the same manner.

Whether these gril gene and griH gene and the homolog
genes thereof encode or do not encode the protein that
enhances the ability to produce 3,4-AHBA can be confirmed
by introducing these genes into a bacterium and the like
having a gene encoding mutated aspartokinase in which
feedback inhibition is canceled, and examining whether the
activity of forming 3,4-AHBA is enhanced or not. In such a
case, the effect can be verified more clearly by quantifying
3,4-AHBA using reverse phase chromatography according
to, for example, Suzuki, et al.’s method [J. Bio. Chem., 281,
823-833 (20006)].

<3> Recombinant Vector

A recombinant vector that can be used can be obtained by
introducing a desired gene into an expression vector. For
example, when using nhoA, gril, and griH are used together,
they may be each carried on a separate recombinant vector
for transformation, or they may be linked via an appropriate
spacer and carried on the same recombinant vector, as long
as they can be expressed. The gril gene and the griH gene
may be derived from the same microorganism or different
microorganisms. When the gril gene and the griH gene are
derived from the same microorganism and located in close
proximity on a chromosome, a DNA fragment including
both gril and griH may be cut out and carried on a vector.
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The recombinant vector generally has a promoter, the
aforementioned DNA, e.g., nhoA, gril and griH, and regu-
latory regions (operator and terminator) necessary for
expression of the genes in the recombinant microorganism at
appropriate positions so that they can function.

An expression vector that can be used as a recombinant
vector is not particularly limited, as long as it can function
in the chosen microorganism, and can be a plasmid that
autonomously replicates out of a chromosome or can be
integrated into the chromosome in a bacterium. Specifically,
examples of the expression vector may include pBR322,
pHSG299, pHSG298, pHSG399, pHSG398, pSTV2S,
pSTV29 (pHSG and pSTV are available from Takara Bio
Inc.), pMW119, pMW118, pMW219, MW218 (pMW series
are available from Nippon Gene Co., Ltd.), and the like,
which are plasmids capable of autonomously replicating in
bacteria belonging to enteric bacteria groups when intro-
duced into a bacterium belonging to the genus Escherichia
or Pantoea. A phage DNA may be used as the vector in place
of'the plasmid. When introduced into a bacterium belonging
to the genus Corynebacterium, examples of the expression
vector may include pCRY30 (described in JP 3-210184-A),
pCRY21, pCRY2KE, pCRY2KX, pCRY31, pCRY3KE and
pCRY3KX (described in JP 2-72876-A and U.S. Pat. No.
5,185,262), pCRY2 and pCRY3 (described in JP 1-191686-
A), pAM330 (described in JP 58-67679-A), pHM1519 (de-
scribed in JP 58-77895-A), pAJ655, pAJ611 and pAJ1844
(described in JP 58-192900-A), pCG1l (described in JP
57-134500-A), pCG2 (described in JP 58-35197-A), pCG4
and pCGl11 (described in JP 57-183799-A), pVC7 (de-
scribed in JP 9-070291-A), pVK7 (described in JP
10-215883-A), which are plasmids capable of autonomously
replicating in bacteria belonging to the genus Corynebacte-
rium, and derivatives thereof.

The promoter is not particularly limited, and a promoter
generally used for production of a foreign protein in a
desired microorganism can be used. For example, a T7
promoter, a lac promoter, a trp promoter, a trc promoter, a tac
promoter, a PR promoter and PL promoter of a lambda
phage, a TS promoter and the like are known in the use for
the genus Escherichia or Pantoea. Strong promoters such as
promoters for genes encoding PS 1 and PS2 that are cell
surface proteins derived from the genus Corynebacterium
(described in JP 6-502548-A) and a promoter for a gene
encoding SlpA that is a cell surface protein derived from the
genus Corynebacterium (described in JP 10-108675-A) may
be included in the use for the genus Corynebacterium.

<4. Transformant>

The microorganism is not particularly limited as long as
it is able to produce 3-amino-4-hydroxybenzoic acid and is
modified so as to increase the activity of N-hydroxyarylam-
ine O-acetyltransferase (NhoA), and can be a transformant.
The transformant can be obtained by transforming with a
recombinant vector that includes a DNA that encodes a
protein having an activity to form 3-amino-4-hydroxyben-
zoic acid from dihydroxyacetone phosphate and aspartate
semialdehyde.

A host microorganism can be a microorganism that can
efficiently supply dihydroxyacetone phosphate, aspartate
semialdehyde, and an acetyl group donor (e.g., acetyl CoA)
that are substrates for biosynthesis of 3-acetylamino-4-
hydroxybenzoic acid-type compounds. Aspartokinase (AK)
in microorganisms is originally subjected to concerted feed-
back inhibition by an amino acid such as lysine. For
example, Escherichia coli has aspartokinase I1I (AKIII) that
is a non-conjugated enzyme and functions alone. AKIII in
Escherichia coli is originally subjected to feedback inhibi-
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tion by lysine. On the other hand, it is known that AK in a
coryneform bacterium is a heteroprotein composed of an
a-subunit and a B-subunit and coding regions of the a-sub-
unit gene and the B-subunit gene are partially overlapped.
AK in a coryneform bacterium is originally subjected to
concerted feedback inhibition by lysine and threonine. A
microorganism having an AK gene with a mutation that
substantially cancels the feedback inhibition can be used.

The mutations capable of canceling the feedback inhibi-
tion by an amino acid such as lysine have been reported for
aspartokinase derived from various microorganisms such as
Escherichia coli, Corynebacterium glutamicum, Serratia
marcescens and the like. For example, the mutation of
glutamic acid at position 250 to lysine (E250K), the muta-
tion of methionine at position 318 to isoleucine (M318I), the
mutation of threonine at position 344 to methionine
(T344M), the mutation of serine at position 345 to leucine
(S345L), the mutation of threonine at position 352 to iso-
leucine (T3521) have been reported as the mutation capable
of canceling the feedback inhibition by lysine in AKIII from
Escherichia coli (see, e.g., Kikuchi et al., FEMS Microbi-
ology Letters 173, 211-215 (1999), and Falco et al., Bio-
Technology 13, 577-582 (1995)). The mutation capable of
canceling the feedback inhibition in AK from a coryneform
bacterium is explained by taking an a-subunit of wild-type
AK derived from Corynebacterium glutamicum (Brevibac-
terium lactofermentum) ATCC 13869 (see, e.g., SEQ ID
NO:38 in the international Publication W02010/005099) as
an example. Canceling the feedback inhibition in AK is
accomplished by substituting the alanine residue at position
279 from the N terminus on the a.-subunit with a threonine
residue, or substituting the threonine residue at position 311
from the N terminus with an isoleucine residue, or substi-
tuting the serine residue at position 301 from the N terminus
with a tyrosine residue, or substituting the threonine residue
at position 380 from the N terminus with an isoleucine
residue, or substituting the threonine residue at position 308
from the N terminus with an isoleucine residue, or substi-
tuting the arginine residue at position 320 from the N
terminus with a glycine residue, or substituting the glycine
residue at position 345 from the N terminus with an aspartic
acid (the international Publication W(094/25605, the inter-
national Publication WO00/63388, U.S. Pat. No. 6,844,176,
International Publication W0O01/049854 and the like). The
amino acid sequence of AK even derived from the wild type
is different in several amino acid residues from the amino
acid sequence of SEQ ID NO:38 in the international Pub-
lication W0O2010/005099, depending on type and strain of
the coryneform bacterium from which the AK is derived. AK
may be such an allelic variant. The definition of such
mutations is the same as that described for aforementioned
gril and griH.

The microorganism having the AK gene in which the
mutation as described above has been introduced can be
used. The amino acid sequence of AK even derived from the
wild type is different in several amino acid residues depend-
ing on the type and the strain of the coryneform bacterium
from which the AK is derived. Such an allelic variant may
be used. The position to be modified for canceling the
feedback inhibition in the allelic variant can be identified by
performing a sequence alignment. The modification for
canceling the feedback inhibition in AK can be accom-
plished by a method publicly known to those skilled in the
art, for example, acquisition of a mutant strain having
resistance to a lysine analog such as 2-aminoethylcysteine or
introduction of site-specific mutagenesis by gene replace-
ment utilizing homologous recombination. Also, a microor-
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ganism with an augmented activity of a mutated AK in
which the feedback inhibition was canceled can also be
obtained by transforming the microorganism with a plasmid
that includes a mutated AK gene in which the feedback
inhibition was canceled.

The expression of a pyruvate carboxylase gene may
further be augmented in the microorganism having the
mutated AK gene in which the feedback inhibition was
canceled.

According to methods known in the art, the microorgan-
ism can be transformed with a recombinant vector that
includes a DNA encoding a protein able to form 3-amino-
4-hydroxybenzoic acid from dihydroxyacetone phosphate
and aspartate semialdehyde. For example, a protoplast
method (Gene, 39, 281-286 (1985)), an electroporation
method (Bio/Technology, 7, 1067-1070 (1989)), and the like
can be used. When transformation for canceling the feed-
back inhibition in AK is performed, either the transforma-
tion for conferring the activity of forming 3,4-AHBA or the
transformation for canceling the feedback inhibition in AK
may be performed first.

<5> Methods for Producing 3-acetyamino-4-hydroxyben-
zoic Acid-Type Compound, and Methods for Producing
3-amino-4-hydroxybenzoic Acid-Type Compound and Poly-
mer Comprising 3-amino-4-hydroxybenzoic Acid-Type
Compound as Component

<5-1> Methods for Producing 3-acetyamino-4-hydroxy-
benzoic Acid-Type Compound

A method for producing a 3-acetylamino-4-hydroxyben-
zoic acid-type compound is described, and includes steps of
culturing the microorganism as described herein to form the
3-acetylamino-4-hydroxybenzoic acid-type compound. The
3-acetylamino-4-hydroxybenzoic acid-type compound can
be biosynthesized from dihydroxyacetone phosphate, aspar-
tate semialdehyde and an acetyl group donor (e.g., acetyl
CoA). Therefore, the microorganism can efficiently supply
the dihydroxyacetone phosphate, the aspartate semialdehyde
and the acetyl group donor (e.g., acetyl CoA), which are
substrates in biosynthesis of the 3-acetylamino-4-hydroxy-
benzoic acid-type compound. Also, the microorganism may
be cultured in a medium containing the dihydroxyacetone
phosphate, the aspartate semialdehyde and the acetyl group
donor in large amounts.

The 3-acetyamino-4-hydroxybenzoic acid-type com-
pound includes 3-acetyamino-4-hydroxybenzoic acid (here-
inafter sometimes abbreviated as “3,4-AcAHBA”) having
the following structure as well as a derivative and a salt
thereof.

Chemical 3:

e}

R

N CH;
H

OH

In the derivative of the 3-acetylamino-4-hydroxybenzoic
acid-type compound, (1) either the carboxyl group at posi-
tion 1, the acetylamino group at position 3, and/or the
hydroxyl group at position 4, or a combination of these,
is/are derivatized, (2) the carboxyl group at position 1, the
acetylamino group at position 3, and the hydroxyl group at
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position 4 are kept and a hydrogen atom on at least one
carbon atom at position 2, 5 or 6 is substituted with other
atom or group, or (3), (1) and (2) are combined. Examples
of the other atom or group in (2) above may include halogen
atoms (e.g., a fluorine atom, a bromine atom, a chlorine
atom, an iodine atom), alkyl groups (e.g., alkyl groups
having 1 to 6 carbon atoms such as methyl, ethyl, propyl,
butyl, pentyl, and hexyl), a hydroxyl group, an alkyloxy
group (the alkyl moiety is the same as described above), an
amino group, a mono- or di-alkylamino group (the alkyl
moiety is the same as described above), a cyano group, a
nitro group, a sulfonyl group, and a carboxyl group. Spe-
cifically, examples of the derivative in (1) above may
include derivatives in which the carboxyl group at position
1 is derivatized (e.g., 3-amino-4-hydroxybenzaldehyde in
which the carboxyl group in 3-acetylamino-4-hydroxyben-
zoic acid is aldehydated), derivatives in which the acety-
lamino group at position 3 is derivatized with the group such
as the above alkyl group (e.g., 3-acetylalkylamino deriva-
tives), and derivatives in which the hydroxyl group at
position 4 is derivatized with the group such as the above
alkyl group (e.g., 4-alkyloxy derivatives).

Base salts such as alkali metal (e.g., sodium, potassium,
lithium) salts and alkali earth metal (e.g., calcium, magne-
sium) salts of carboxylic acid, and acid addition salts such
as hydrochloride salts, sulfate salts, lead nitrate and phos-
phate salts are exemplified as salts.

The 3-acetylamino-4-hydroxybenzoic acid-type com-
pound can be produced by culturing the microorganism and
recovering the 3-acetylamino-4-hydroxybenzoic acid-type
compound produced in the medium.

The medium for culturing the microorganism is not par-
ticularly limited as long as the desired microorganism is
grown, and the microorganism can be cultured according to
methods known in the art. For example, the microorganism
can be cultured in an ordinary medium containing a carbon
source, a nitrogen source, and inorganic ions. Organic trace
nutrients such as vitamins and amino acids may be added if
necessary in order to obtain higher proliferation. A cultiva-
tion temperature is generally 25 to 42° C., and it is desirable
to control pH to 5 to 8. A cultivation time period is generally
20 to 90 hours.

It is desirable to perform the cultivation of the microor-
ganism under a condition that controls oxygen supply.
Specifically, it is desirable to keep oxygen at 2.0 ppm or less
when microbial growth enters the logarithmic growth phase.

A recovery method used in steps of recovering and
puritying the 3-acetylamino-4-hydroxybenzoic acid-type
compound from the culture medium may be appropriately
selected from known methods. For example, recovery can
occur from a culture medium supernatant obtained by
removing microbial cells by centrifugation or membrane
filtration after adjusting pH of the culture medium to an
acidic pH at which solubility of the 3-acetylamino-4-hy-
droxybenzoic acid-type compound is high. The recovery
method of 3-acetylamino-4-hydroxybenzoic acid from the
culture medium supernatant in which the microbial cells
have been removed may include purification by a porous
adsorbent, crystallization and precipitation.

The porous adsorbent can be a porous solid adsorbent
having a large surface area, and specifically can include
hydrophilic adsorbents typified by silica gel, alumina, zeo-
lite, bauxite, magnesia, activated white earth, acrylic syn-
thetic adsorbents, and the like, and hydrophobic adsorbents
typified by vegetable charcoal, bone charcoal, activated
charcoal and aromatic synthetic adsorbents, and the like.
Any adsorbent can be used without particular limitation as
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long as the purity of the 3-acetylamino-4-hydroxybenzoic
acid-type compound can be enhanced by adsorbing the
impurities. In this regard, however, the impurities adsorbed
by the porous adsorbent abundantly contain aromatic com-
pounds mainly produced in the process of biochemical
synthesis. Thus, the hydrophobic adsorbent typified by the
activated charcoal and the aromatic synthetic adsorbent to
which these compounds easily adsorb can be used. These
hydrophobic adsorbents may be used alone or in combina-
tion of two or more.

When the activated charcoal is used, its raw material is
not particularly limited, and may include, but is not particu-
larly limited to, plant raw materials such as wood powder
and palm shell, coal/petroleum-based raw materials such as
smokeless coal, petroleum pitch and cokes, synthetic resin-
based raw materials such as acrylic resins, phenol resins,
epoxy resins and polyester resins. Shapes of the activated
charcoal are powder, grain and fibrous, and secondary
processed articles such as filters and cartridges, and that
easily handled may be appropriately selected.

Meanwhile, when an aromatic synthetic adsorbent is
used, the raw material thereof is not particularly limited, and
for example, the porous resins such as 1) unsubstituted
aromatic resins, 2) aromatic resins having a hydrophobic
substituent(s), and 3) aromatic resins obtained by giving a
special treatment to the unsubstituted aromatic resins can be
used. Specific compounds may include, for example, sty-
rene- and divinylbenzene-based resins.

As mentioned above, an objective of contacting the
3-acetylamino-4-hydroxybenzoic acid-type compound in
the culture medium with the porous adsorbent is to adsorb
the impurities to the porous adsorbent and to improve the
purity of the 3-acetylamino-4-hydroxybenzoic acid-type
compound. However, the 3-acetylamino-4-hydroxybenzoic
acid-type compound which is an objective product is some-
times adsorbed together in no small part with the impurities
to the porous adsorbent. Thus, it is also possible to isolate
and recover the 3-acetylamino-4-hydroxybenzoic acid-type
compound by contacting the 3-acetylamino-4-hydroxyben-
zoic acid-type compound in the culture medium to the
porous adsorbent, then contacting the porous adsorbent with
a polar organic solvent to detach the 3-acetylamino-4-
hydroxybenzoic acid-type compound from the porous adsor-
bent and dissolve the 3-acetylamino-4-hydroxybenzoic acid-
type compound in the polar organic solvent. The polar
organic solvent can be an organic solvent composed of polar
molecules having a high dielectric constant, and can be used
without particular limitation as long as the 3-acetylamino-
4-hydroxybenzoic acid-type compound can be detached
from the porous adsorbent and the 3-acetylamino-4-hy-
droxybenzoic acid-type compound can be dissolved in the
polar organic solvent. The polar organic solvent may be used
alone or in combination with two or more at a desired
combination ratio.

The crystallization or the precipitation can produce a
crystal or a precipitate by evaporating the solvent in which
an objective substance is dissolved to concentrate, or low-
ering the temperature, or keeping the concentration higher
than a saturation solubility by adding a poor solvent to the
solvent in which an objective substance is dissolved, and is
not particularly limited including conventionally and pub-
licly known methods. The produced crystal or precipitate
can be separated by precipitation, filtration, centrifugation or
the like.
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<5-2> Methods for Producing 3-amino-4-hydroxybenzoic
Acid-Type Compound

The present invention also provides a method for produc-
ing a 3-amino-4-hydroxybenzoic acid-type compound. This
method includes the following:

(1) forming a 3-acetylamino-4-hydroxybenzoic acid-type
compound by the aforementioned method; and

(2) deacetylating the 3-acetylamino-4-hydroxybenzoic
acid-type compound to form the 3-amino-4-hydroxybenzoic
acid-type compound.

The 3-amino-4-hydroxybenzoic acid-type compound in
the present invention includes 3-amino-4-hydroxybenzoic
acid (hereinafter sometimes abbreviated as “3,4-AHBA”)
having the following structure as well as a derivative and a
salt thereof.

[Chemical 4]

NH,

OH

In the derivative of the 3-amino-4-hydroxybenzoic acid-
type compound, (1) the carboxyl group at position 1, the
amino group at position 3, and/or the hydroxyl group at
position 4 is derivatized, (2) the carboxyl group at position
1, the amino group at position 3 and the hydroxyl group at
position 4 are kept and a hydrogen atom on at least one
carbon atom at positions 2, 5 and 6 is substituted with other
atom or group, or (3), (1) and (2) are combined. Examples
of the other atom or group in (2) above may include halogen
atoms (e.g., a fluorine atom, a bromine atom, a chlorine
atom, an iodine atom), alkyl groups (e.g., alkyl groups
having 1 to 6 carbon atoms such as methyl, ethyl, propyl,
butyl, pentyl, hexyl and the like), a hydroxyl group, an
alkyloxy group (the alkyl moiety is the same as described
above), an amino group, a mono- or di-alkylamino group
(the alkyl moiety is the same as described above), a cyano
group, a nitro group, a sulfonyl group, and a carboxyl group.
Specifically, examples of the derivative in (1) above may
include derivatives in which the carboxyl group at position
1 is derivatized (e.g., 3-amino-4-hydroxybenzaldehyde in
which the carboxyl group in 3-amino-4-hydroxybenzoic
acid is aldehydated), derivatives in which the amino group
at position 3 is derivatized with the group such as the above
alkyl group (e.g., 3-alkylamino derivatives), and derivatives
in which the hydroxyl group at position 4 is derivatized with
the group such as the above alkyl group (e.g., 4-alkyloxy
derivatives).

Base salts such as alkali metal (e.g., sodium, potassium,
lithium) salts and alkali earth metal (e.g., calcium, magne-
sium) salts of carboxylic acid, and acid addition salts such
as hydrochloride salts, sulfate salts, lead nitrate and phos-
phate salts are exemplified as salts.

The step (1) in the above method can be carried out in the
same manner as in the aforementioned method for producing
the 3-acetylamino-4-hydroxybenzoic acid-type compound.

The deacetylation in the step (2) in the above method can
be carried out in any method known in the art. For example,
the deacetylation can be carried out by hydrolysis utilizing
an acid or a base. The acid is not particularly limited as long
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as a deacetylation reaction of Ac-AHBA-type compounds
progresses, and can be a strong acid such as hydrochloric
acid, sulfuric acid, nitric acid, phosphoric acid, and the like.
The base is not particularly limited as long as the deacety-
lation reaction of Ac-AHBA-type compounds progresses,
and it can be capable of increasing the reactivity of the
deacetylation reaction to use a strong base such as sodium
hydroxide, potassium hydroxide, calcium hydroxide, barium
hydroxide, lithium hydroxide, and the like. The obtained
3-amino-4-hydroxybenzoic acid-type compound may be
recovered and purified. The recovery and the purification of
the 3-amino-4-hydroxybenzoic acid-type compound can be
carried out in the same manner as in the recovery and the
purification of the 3-acetylmino-4-hydroxybenzoic acid-
type compound as described above.

<5-3> Methods for Producing Polymer Having 3-amino-
4-hydroxybenzoic Acid-Type Compound as Component

The present invention also provides a method for produc-
ing a polymer including a 3-amino-4-hydroxybenzoic acid-
type compound as a component. This method includes the
following:

(1) forming the 3-amino-4-hydroxybenzoic acid-type
compound by the aforementioned method; and

(2") polymerizing the 3-amino-4-hydroxybenzoic acid-
type compound to obtain a polymer containing the 3-amino-
4-hydroxybenzoic acid-type compound as a component.

The step (1') can be carried out in the same manner as in
the aforementioned method for producing the 3-amino-4-
hydroxybenzoic acid-type compound.

The step (2') can be carried out in any method known in
the art. For example, the 3-amino-4-hydroxybenzoic acid-
type compound obtained by the aforementioned method can
be polymerized by condensation polymerization in a non-
oxidizing solvent acid such as methanesulfonic acid or
polyphosphoric acid at high temperature (see, e.g., WO91/
01304). In the production method of a polymer according to
the present invention, the 3-amino-4-hydroxybenzoic acid-
type compound may be polymerized with other constituents
of a polymer. Examples of the other constituents include
terephthalic acid and bisphenol A, or terephthalic acid and
p-phenylenediamine. Polymerizing method can be practiced
by utilizing various known methods (U.S. Pat. Nos. 5,142,
021, 5,219,981 and 5,422,416, and Kricheldorf et. al.,
(1992) Makromol. Chem., 193, 2467-2476, and Marcos-
Fernandez et. al., (2001) Polymer, 42, 7933-7941).
Examples of the polymer that includes a 3-amino-4-hy-
droxybenzoic acid-type compound as a component which is
produced by the method as described herein include poly-
benzoxazole polymers, polyesters and polyamides.

EXAMPLES

The present invention will be described below with ref-
erence to the following non-limiting Examples. Chosen host
microorganisms can efficiently supply dihydroxyacetone
phosphate, aspartate semialdehyde, and acetyl CoA that is
the acetyl group donor, which are substrates in biosynthesis
of a 3-acetylamino-4-hydroxybenzoic acid-type compound.

Example 1

Construction of 3,4-AcAHBA-producing bacterium by
introducing 3,4-AHBA synthetase gene group derived from
Streptomyces griseus and nhoA gene derived from Escheri-
chia coli into Escherichia coli, and evaluation of amount of
accumulated 3,4-AcAHBA
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(1) Search of Enzyme that Catalyzes N-Acetylation of
3,4-AHBA Based on Genomic Information of Escherichia
coli

It has been reported that arylamine N-acetyltransferase
(convertible term: NatA; NCBI accession ID: BAF46971.1)
catalyzes an N-acetylation reaction of 3,4-AHBA in Strep-
tomyces griseus IFO13350 strain (Suzuki et. al., (2007) J.
Bacteriol., 189, 2155-2159). An amino acid sequence of
NatA is shown as SEQ ID NO:1. In order to search an
enzyme having the same function as that in NatA, sequences
exhibiting homology to NatA were searched from genomic
information of Escherichia coli K-12 strain. As a result of
searching utilizing published database (EcoCyc, ecocyc.org,
Keseler et al., (2005) Nucleic Acids Res., 33, 334-337) and
using BLASTP, N-hydroxyarylamine O-acetyltransferase
from Escherichia coli K-12 strain (convertible term: NhoA,
EC: 2.3.1.118, NCBI accession ID: NP_415980.1) was
found to exhibit 49% homology to NatA derived from
Streptomyces griseus IFO13350 strain. An amino acid
sequence of NhoA and a nucleotide sequence of a gene
encoding NhoA (convertible term: nhoA: GenBank acces-
sion No.: NC_000913.2, nucleotides 1532048 to 1532893,
GI: 947251) are shown as SEQ ID NO:2 and SEQ ID NO:3,
respectively.

(2) Construction of Plasmid for Expressing nhoA Gene

An expression plasmid for expressing the nhoA gene in
Escherichia coli was constructed by the following proce-
dure. PCR with genomic DNA from Escherichia coli
BW25113 strain as a template was carried out using the
synthesized oligonucleotide having a restriction enzyme
recognition sequence for HindIIl at the 3' terminus and
shown as SEQ ID NO:4 and further the synthesized oligo-
nucleotide having a restriction enzyme recognition sequence
for EcoRI at the 3' terminus and shown as SEQ ID NO:5 as
primers and using PrimeStar GXL polymerase (supplied
from Takara). A reaction solution was prepared according to
a composition attached to the kit, and 30 cycles of the
reaction at 98° C. for 10 seconds, 55° C. for 15 seconds and
68° C. for 60 seconds were carried out. As a result, a PCR
product of about 1.1 kbp including a native promoter of the
nhoA gene and a nhoA gene fragment was obtained. This
fragment was digested with EcoRI and HindIII, and subse-
quently cloned into pUC19 (supplied from Takara) digested
with the same restriction enzymes. The resulting vector was
designated as pUC19-NhoA. The full length sequence of
pUC19-NhoA is shown as SEQ ID NO:6.

(3) Construction of Expression Plasmid pSTV28-Ptac-
Ttrp

An expression plasmid pSTV28-Ptac-Trp was con-
structed to impart an ability to produce 3,4-AHBA to
Escherichia coli. First, a DNA fragment comprising a tac
promoter (convertible term: Ptac) region (deBoer, et al.,
(1983) Proc. Natl. Acad. Sci. U.S.A,, 80, 21-25) and a
terminator region of a tryptophan operon (convertible term:
Ttrp) derived from Escherichia coli (Wu et al., (1978) Proc.
Natl. Acad. Sci. U.S.A., 75, 5442-5446) and having a Kpnl
site at the 5' terminus and a BamHI site at the 3' terminus was
chemically synthesized (the nucleotide sequence is shown as
SEQ ID NO:7). The resulting DNA fragment was digested
with Kpnl and BamHI to obtain a DNA fragment including
Ptac and Ttrp. The purified DNA fragment was ligated to
pSTV28 (supplied from Takara Bio Inc.) digested with Kpnl
and BamHI by a ligation reaction with DNA ligase. The
resulting plasmid was designated as pSTV28-Ptac-Ttrp (the
nucleotide sequence is shown as SEQ ID NO:8). An objec-
tive gene can be expressed and amplified by cloning the
objective gene downstream of Ptac of this plasmid.
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(4) Chemical Synthesis of gril Gene and griH Gene
Corresponding to Codon Usage in Escherichia coli

It has been reported that the synthesis of 3,4-AHBA is
catalyzed by a 3,4-AHBA synthetase gene group consisting
of aldolase (convertible term: SGR_4249, Gril) and 3,4-
AHBA synthase (convertible term: SGR_4248, GriH) in
Streptomyces griseus IFO13350 strain (Suzuki et. al., (2006)
J. Biol. Chem., 281, 36944-36951). Gril is encoded by the
gril gene (GenBank accession no. AB259663.1, nucleotides
13956 to 14780; GI: 117676060). The amino acid sequence
of'the Gril protein and a nucleotide sequence of the gril gene
are shown as SEQ ID NO:9 and SEQ ID NO:10, respec-
tively. Also, GriH is encoded by the griH gene (GenBank
accession no. AB259663.1, nucleotides 12690 to 13880; GI:
117676059). The amino acid sequence of the GriH protein
and a nucleotide sequence of the griH gene are shown as
SEQ ID NO:11 and SEQ ID NO:12, respectively.

In order to efficiently express the gril gene and griH gene
in Escherichia coli, the sequences of the gril gene and the
griH gene were changed so as to correspond to codon usage
in Escherichia coli, designed so as to express as an operon,
and this was designated as EcGrilH. Restriction enzyme
recognition sequences for EcoRI and HindIII were added to
the 5' terminus and the 3' terminus of EcGrilH, respectively,
and this fragment was chemically synthesized (shown as
SEQ ID NO:13). EcGrilH, both termini of which the restric-
tion enzyme recognition sequence had been added to, was
digested with EcoRI and HindIIl, and subsequently cloned
into pUCS57 (supplied from Genscript) which had been
digested with the same restriction enzymes. The resulting
vector was designated as pUCS57-EcGri. The full length
sequence of pUC57-EcGri is shown as SEQ 1D NO:14.

(5) Construction of Plasmid for Expressing gril Gene and
griH Gene

An expression plasmid for expressing the gril gene and
the griH gene in Escherichia coli was constructed using the
following procedure. PCR with pUCS57-EcGri as a template
was carried out using the synthesized oligonucleotide rep-
resented by SEQ ID NO:15 and further the synthesized
oligonucleotide represented by SEQ ID NO:16 as primers
and using PrimeStar GXL. polymerase (supplied from
Takara). A reaction solution was prepared according to a
composition attached to the kit, and 30 cycles of the reaction
at 98° C. for 10 seconds, 55° C. for 15 seconds and 68° C.
for 150 seconds were carried out. As a result, a PCR product
of about 2.1 kbp including an EcGrilH gene fragment was
obtained. Subsequently, the purified EcGrilH gene fragment
was ligated to pSTV28-Ptac-Ttrp digested with Smal using
In-Fusion HD Cloning Kit (supplied from Clontech). The
resulting plasmid for expressing the grilH gene was desig-
nated as pSTV28-EcGri. The full length sequence of
pSTV28-EcGri is shown as SEQ ID NO:17.

(6) Construction of 3,4-AcAHBA-Producing Bacterium

Competent cells of Escherichia coli BW25113 strain were
prepared, and then pSTV28-EcGri was introduced thereto
by electroporation. Subsequently the cells were uniformly
applied onto an LB plate containing 30 mg/L. of chloram-
phenicol, and cultured at 37° C. for 18 hours. A transformant
exhibiting resistance to chloramphenicol was obtained from
the resulting plate. A strain in which pSTV28-EcGri had
been introduced into Escherichia coli BW25113 strain was
designated as BW25113/pSTV28-EcGri strain. Subse-
quently, competent cells of BW25113/pSTV28-EcGri strain
were prepared, and then pUC19 or pUC19-NhoA was intro
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duced by the electroporation. The cells were uniformly
applied onto an LB plate containing 30 mg/IL of chloram-
phenicol and 100 mg/LL of ampicillin, and cultured at 37° C.
for 18 hours. A transformant exhibiting resistance to both
chloramphenicol and ampicillin was obtained from the
resulting plate. A strain in which pUC19 had been intro-
duced into BW25113/pSTV28-EcGri strain was designated
as BW25113/pSTV28-EcGri/pUC19 strain. A strain in
which pUC19-NhoA had been introduced into BW25113/
pSTV28-EcGri strain was designated as BW25113/
pSTV28-EcGri/pUC19-NhoA strain.

(7) 3,4-AcAHBA-Producing Culture

Microbial cells from BW25113/pSTV28-EcGri/pUC19
strain and BW25113/pSTV28-EcGri/pUC19-NhoA strain
were uniformly applied onto an LB plate containing 30
mg/L, of chloramphenicol and 100 mg/L. of ampicillin, and
cultured at 37° C. for 18 hours. One loopful of microbial
cells obtained from the resulting plate was inoculated to 4
mlL of MS glucose/Asp medium containing 30 mg/L. of
chloramphenicol and 100 mg/L. of ampicillin in a test tube,
and cultured on a reciprocal shaking cultivation apparatus at
30° C. for 48 hours. A composition of the MS glucose/Asp
medium is as described in the following Table 1.

TABLE 1

Table 1. Composition of MS glucose/Asp medium

Final

Component concentration
Glucose 40 (g/L)
(NH,),80, 24 (gL)
Aspartic acid 5 (g/L)
KH,PO, 1 (g/L)
MgSO,*7H,0 1 (g/L)
FeSO,4*7H,0 10 (mg/L)
MnSO,*7H,0 82 (mg/L)
Bacto-yeast extract 2 (g/l)
CaCO;, 50 (g/L)

The medium was adjusted to pH 7.0 with KOH, and
autoclaved at 121° C. for 20 minutes. But, glucose and
MgS04.7H,0 were mixed and separately sterilized. CaCO,
was added after dry-heat sterilization.

(8) Analysis of Molecular Weight of Compound (R.T., 9.5
Minutes) Converted from 3,4-AHBA

Charts obtained from reverse phase column chromatog-
raphy for culture supernatants of BW25113/pSTV28-EcGri/
pUC19 strain and BW25113/pSTV28-EcGri/pUC19-NhoA
strain described in Example 1 (7) and a 3,4-AHBA standard
preparation (Cat No. A0859 supplied from Tokyo Chemical
Industry Co., Ltd.) are shown in FIG. 1 (The analysis
condition was described in Suzuki et. al., (2006) J. Biol.
Chem., 281, 36944-36951). No 3,4-AHBA was detected in
the culture supernatant of BW25113/pSTV28-EcGri/
pUC19-NhoA strain, and the height of a peak detected at
retention time (R.T.) of 9.5 minutes was found to increase
compared with that of BW25113/pSTV28-EcGri/pUC19
that was a control. This suggested that 3,4-AHBA was
converted into a compound detected at R.T. of 9.5 minutes
by overexpressed NhoA.

The molecular weight of the compound (R.T., 9.5 min-
utes) converted from 3,4-AHBA which was contained in the
culture supernatant after the cultivation of cells from
BW25113/pSTV28-EcGri/pUC19-NhoA strain was ana-
lyzed by LC/MS. The analysis condition is as follows.
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Column: Inertsil ODS-3 2 um, 2.1x75 mm (supplied from
GL Science)

Mobile phase: A=0.1% formic acid/H,O

B=0.1% formic acid/acetonitrile

Gradient Program

0 minute A/B = 100/0
3 minutes A/B = 100/0
23 minutes A/B = 20/80
25 minutes A/B = 20/80

Flow rate: 0.2 ml./minute

Column temperature: Room temperature (25° C.)

Detection wavelength: 254 nm (PDA)

MS ionization mode: ESI

Analysis machines: Agilent Infinity 1290 (L.C)

Agilent Quadrupole LC/MS 6130 (MS)

As aresult of the analysis, the m/z value of the converted
compound (R.T., 9.5 minutes) was 195.1, and matched with
the calculated m/s value of acetylated 3,4-AHBA (195.1).
Hereinafter, the converted compound (R.T., 9.5 minutes) is
referred to as 3,4-AcAHBA.

(9) Absorbance of Culture Medium and Quantification of
Accumulated 3,4-AHBA and 3,4-AcAHBA in Culture
Supernatant

Optical density (OD) values of culture media of cells from
BW25113/pSTV28-EcGri/pUC19 strain and BW25113/
pSTV28-EcGri/pUC19-NhoA strain described in Example 1
(7) at 600 nm were measured using a spectrophotometer
(HITACHI U-2900). 3,4-AHBA and 3.,4-AcAHBA accumu-
lated in a culture supernatant were separated by reverse
phase column chromatography and their accumulated
amounts were quantified (Suzuki et. al., (2006) J. Biol.
Chem., 281, 36944-36951). The OD values of the culture
media at 600 nm, the amount of accumulated 3,4-AHBA,
and the amount of accumulated 3,4-AcAHBA were shown
in Table 2. No 3,4-AHBA was detected and the amount of
accumulated 3,4-AcAHBA increased in the culture super-
natant of BW25113/pSTV28-EcGri/pUC19-NhoA strain
compared with the culture supernatant of BW25113/
pSTV28-EcGri/pUCI19 strain that was the control. The sum
of the concentration of 3,4-AHBA and the concentration of
3,4-AcAHBA in the culture supernatant of BW25113/
pSTV28-EcGri/pUC19-NhoA strain was 1.67 times larger
than that of BW25113/pSTV28-EcGri/pUC19 strain.

TABLE 2
Table 2. Accumulated amounts of 3,4-AHBA and 3,4-AcAHBA and
their summation in culture supernatant of Escherichia coli transformed
with 3,4-AHBA synthetase gene group derived from Streptomyces
griseus and nhoA gene derived from Escherichia coli
Sum of
accumulated
34-
Amount of Amount of AHBA and
accumulated accumulated 3,  accumulated
OD 3,4-AHBA 4-AcAHBA  34-AcAHBA
Strain name (600 nm) (g/L) (g/L) (g/L)
BW25113/ 303 +1.3 0.08 +0.01 0.43 = 0.01 0.51 £ 0.01
pSTV28-
EcGri/
pUC19
BW25113/ 245 + 0.6 N.D. 0.85 = 0.03 0.85 + 0.03
pSTV28-
EcGri/
pUC19-
NhoA
N.D.: not detected

Each value is represented as a mean value obtained from cultivations in triplicate.
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Example 2

Construction of 3,4-AHBA producing bacterium by intro-
ducing 3,4-AHBA synthetase gene group derived from
Streptomyces murayamaensis and nhoA gene derived from
Escherichia coli into Escherichia coli, and evaluation of
amount of accumulated 3,4-AcAHBA

(1) Chemical Synthesis of nspl Gene and nspH Gene
Corresponding to Codon Usage in Escherichia coli

It has been already known that the synthesis of 3,4-AHBA
is catalyzed by the 3,4-AHBA synthetase gene group con-
sisting of aldolase (convertible term: Nspl; NCBI accession
1D:BAJ08171.1) and 3,4-AHBA synthase (convertible term:
NspH; NCBI accession ID:BAJ08172.1) in Streptomyces
murayamaensis (Noguchi et. al., (2010) Nat. Chem. Biol.,
6,641-643). Nspl is encoded by the nspl gene (GenBank
accession No. AB530136, nucleotides 8730 to 9584; GI:
296784943). The amino acid sequence of the Nspl protein
and the nucleotide sequence of the nspl gene are shown as
SEQ ID NO:18 and SEQ ID NO:19, respectively. Also,
NspH is encoded by the nspH gene (GenBank accession No.
AB530136, nucleotides 9599 to 10702; GI: 296784944).
The amino acid sequence of the NspH protein and the
nucleotide sequence of the nspH gene are shown as SEQ 1D
NO:20 and SEQ ID NO:21, respectively.

In order to efficiently express the nspl gene and nspH gene
in Escherichia coli, the sequences of the nspl gene and the
nspH gene were changed so as to correspond to codon usage
in Escherichia coli, designed so as to express as an operon,
and this was designated as EcNspIH. Restriction enzyme
recognition sequences for EcoRI and HindIII were added to
the 5' terminus and the 3' terminus of EcNsplH, respectively,
and this fragment was chemically synthesized. EcNsplH,
both termini of which the restriction enzyme recognition
sequence had been added to, was digested with EcoRI and
HindIIl, and then cloned into pUCS57 (supplied from Gen-
script) digested with the same restriction enzymes. The
resulting vector was designated as pUCS57-EcNsp.

(2) Construction of Plasmid for Expressing nspl Gene and
nspH Gene

An expression plasmid for expressing the nspl gene and
the nspH gene in Escherichia coli was constructed using the
following procedure. PCR with pUC57-EcNsp as a template
was carried out using the synthesized oligonucleotides as
primers and using PrimeStar GXL polymerase (supplied
from Takara). A reaction solution was prepared according to
a composition attached to the kit, and 30 cycles of the
reaction at 98° C. for 10 seconds, 55° C. for 15 seconds and
68° C. for 150 seconds were carried out. As a result, a PCR
product of about 2.1 kbp comprising an EcNspIlH gene
fragment was obtained. Subsequently, the purified EcNspIH
gene fragment was ligated to pSTV28-Ptac-Ttrp [described
in Example 1 (3)] digested with Smal using In-Fusion HD
Cloning Kit (supplied from Clontech). The resulting plasmid
for expressing the nsplH gene was designated as pSTV28-
EcNsp.

(3) Construction of 3,4-AcAHBA-Producing Bacterium

Competent cells of Escherichia coli BW25113 strain were
prepared, and then pSTV28-EcNsp was introduced thereto
by electroporation. The cells were uniformly applied onto an
LB plate containing 30 mg/[. of chloramphenicol, and
cultured at 37° C. for 18 hours. A transformant exhibiting
resistance to chloramphenicol was obtained from the result-
ing plate. A strain in which pSTV28-EcNsp had been
introduced into Escherichia coli BW25113 strain was des-
ignated as BW25113/pSTV28-EcNsp strain. Subsequently,
competent cells of BW25113/pSTV28-EcNsp strain were
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prepared, and pUC19 or pUC19-NhoA [described in
Example 1 (2)] was introduced by electroporation. The cells
were uniformly applied onto an LB plate containing 30
mg/L, of chloramphenicol and 100 mg/L. of ampicillin, and
cultured at 37° C. for 18 hours. A transformant exhibiting
resistance to both chloramphenicol and ampicillin was
obtained from the resulting plate. A strain in which pUC19
had been introduced into BW25113/pSTV28-EcNsp strain
was designated as BW25113/pSTV28-EcNsp/pUC19 strain.
A strain in which pUC19-NhoA had been introduced into
BW25113/pSTV28-EcNsp  strain  was designated as
BW25113/pSTV28-EcNsp/pUC19-NhoA strain.

(4) Evaluation of 3,4-AcAHBA-Producing Culture

Microbial cells from BW25113/pSTV28-EcNsp/pUC19
strain and BW25113/pSTV28-EcNsp/pUC19-NhoA strain
were uniformly applied onto an LB plate containing 30
mg/L, of chloramphenicol and 100 mg/L. of ampicillin, and
cultured at 37° C. for 18 hours. One loopful of microbial
cells obtained from the resulting plate was inoculated to 4
mlL of MS glucose/Asp medium containing 30 mg/L. of
chloramphenicol and 100 mg/L. of ampicillin in a test tube,
and cultured on the reciprocal shaking cultivation apparatus
at 30° C. for 48 hours. The composition of the MS glucose/
Asp medium is as described in Table 1.

After the cultivation, OD values of the culture media at
600 nm were measured using the spectrophotometer (HI-
TACHI U-2900). Also, 3,4-AHBA and 3,4-AcAHBA accu-
mulated in the culture supernatant were separated by reverse
phase column chromatography and their amounts were
measured in the same manner as in Example 1. The OD
values of the culture media at 600 nm, the amount of
accumulated 3,4-AHBA, and the amount of accumulated
3,4-AcAHBA were shown in Table 3. No 3,4-AHBA was
detected and the amount of accumulated 3,4-AcAHBA
increased in the culture supernatant of BW25113/pSTV28-
EcNsp/pUC19-NhoA strain compared with the culture
supernatant of BW25113/pSTV28-EcNsp/pUC19 strain that
was the control. The sum of the concentration of 3,4-AHBA
and the concentration of 3,4-AcAHBA in the culture super-
natant of BW25113/pSTV28-EcNsp/pUC19-NhoA strain
was 1.69 times larger than that of BW25113/pSTV28-
EcNsp/pUC19 strain.

TABLE 3
Table 3. Accumulated amounts of 3,4-AHBA and 3,4-AcAHBA and
their summation in culture supernatant of Escherichia coli transformed
with 3,4-AHBA synthetase gene group derived from Streptomyces
murayamaensis and nhoA gene derived from Escherichia coli
Sum of
Accumulated
3,4-AHBA
Amount of Amount of and
accumulated  accumulated accumulated
OD 3,4AHBA 34-AcAHBA 34-AcAHBA
Strain name (600 nm) (g/L) (g/L) (g/L)
BW25113/ 324 22 0.24 +0.02 0.43 = 0.03 0.67 = 0.03
pSTV28-
EcNsp/
pUC19
BW25113/ 251 +14 N.D. 1.13 £ 0.08 1.13 = 0.08
pSTV28-
EcNsp/
pUC19-
NhoA
N.D.: not detected

Each value is represented as a mean value obtained from cultivations in triplicate.
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Example 3

Construction of 3,4-AcAHBA producing bacterium by
introducing 3,4-AHBA synthetase gene group derived from
Streptomyces griseus and nhoA gene derived from Escheri-
chia coli into Pantoea ananatis, and evaluation of amount of
accumulated 3,4-AcAHBA

(1) Construction of Plasmid for Expressing nhoA Gene

An expression plasmid for expressing the nhoA gene in
Pantoea ananatis was constructed using the following pro-
cedure. PCR with genomic DNA from FEscherichia coli
BW25113 strain as a template was carried out using the
synthesized oligonucleotide having a restriction enzyme
recognition sequence for HindIIl at the 3' terminus and
represented by SEQ ID NO:4 and further the synthesized
oligonucleotide having a restriction enzyme recognition
sequence for EcoRI at the 3' terminus and represented by
SEQ ID NO:5 as primers and using PrimeStar GXL poly-
merase (supplied from Takara). A reaction solution was
prepared according to a composition attached to the kit, and
30 cycles of the reaction at 98° C. for 10 seconds, 55° C. for
15 seconds and 68° C. for 60 seconds were carried out. As
a result, a PCR product of about 1.1 kbp comprising a native
promoter of the nhoA gene and an nhoA gene fragment was
obtained. This fragment was digested with EcoRI and Hin-
dIIl, and then cloned into pMW219 (supplied from Takara)
digested with the same restriction enzymes. The resulting
vector was designated as pMW219-NhoA. The full length
sequence of pMW219-NhoA is shown as SEQ ID NO:22.

(2) Construction of 3,4-AcAHBA-Producing Bacterium

Competent cells of Pantoea ananatis SC17 strain (de-
scribed in JP 2006-230202-A) were prepared, and then
pSTV28-EcGri was introduced thereto by electroporation.
The cells were uniformly applied onto an LB plate contain-
ing 30 mg/LL of chloramphenicol, and cultured at 30° C. for
24 hours. A transformant exhibiting resistance to chloram-
phenicol was obtained from the resulting plate. A strain in
which pSTV28-EcGri had been introduced into Pantoea
ananatis SC17 strain was designated as SC17/pSTV28-
EcGri strain. Subsequently, competent cells of SC17/
pSTV28-EcGri strain were prepared, and then pMW219 or
pMW219-NhoA was introduced by electroporation. The
cells were uniformly applied onto an LB plate containing 30
mg/L. of chloramphenicol and 50 mg/I. of kanamycin, and
cultured at 30° C. for 24 hours. A transformant exhibiting
resistance to both chloramphenicol and kanamycin was
obtained from the resulting plate. A strain in which pMW219
had been introduced into SC17/pSTV28-EcGri strain was
designated as SC17/pSTV28-EcNsp/pMW219 strain. A
strain in which pMW219-NhoA had been introduced into
SC17/pSTV28-EcGri strain was designated as SC17/
pSTV28-EcGri/pMW219-NhoA strain.

(3) Evaluation of 3,4-AcAHBA-Producing Culture

Microbial cells from SC17/pSTV28-EcGri/pMW219
strain and SC17/pSTV28-EcGri/pMW219-NhoA strain
were uniformly applied onto an LB plate containing 30
mg/L. of chloramphenicol and 50 mg/I. of kanamycin, and
cultured at 30° C. for 24 hours. One loopful of microbial
cells obtained from the resulting plate was inoculated to 4
mlL of MS glucose/Asp medium containing 30 mg/L. of
chloramphenicol and 50 mg/L. of kanamycin in a test tube,
and cultured on the reciprocal shaking cultivation apparatus
at 30° C. for 32 hours. The composition of the MS glucose/
Asp medium is as described in Table 1.

After the cultivation, OD values at 600 nm of the culture
media were measured using the spectrophotometer (HI-
TACHI U-2900). Also, 3,4-AHBA and 3,4-AcAHBA accu-
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mulated in the culture supernatant were separated by reverse
phase column chromatography and their amounts were
measured in the same manner as in Example 1 (9). The OD
values at 600 nm of the culture media, the amount of
accumulated 3,4-AHBA, and the amount of accumulated
3,4-AcAHBA were shown in Table 4. No 3,4-AHBA was
detected and the amount of accumulated 3,4-AcAHBA
increased in the culture supernatant of SC17/pSTV28-
EcGri/pMW219-NhoA strain compared with that in the
culture supernatant of SC17/pSTV28-EcGri/pMW219 strain
that was the control. The sum of the concentration of
3,4-AHBA and the concentration of 3,4-AcAHBA in the
culture supernatant of SC17/pSTV28-EcGri/pMW219-
NhoA strain was 2.46 times larger than that of SC17/
pSTV28-EcGri/pMW219 strain.

TABLE 4

Table 4. Accumulated amounts of 3,4-AHBA and 3,4-AcAHBA

and their summation in culture supernatant of Pantoea ananatis
transformed with 3,4-AHBA synthetase gene group derived
from Streptomyces griseus and nhoA gene derived from
Lscherichia coli
Sum of
accumulated
Amount of Amount of  3,4-AHBA and
accumulated  accumulated accumulated
oD 34-AHBA  3,4-AcAHBA  3,4-AcAHBA
Strain name (600 nm) (g/L) (g/L) (g/L)
SC17/ 152 £0.6  0.39 = 0.00 N.D. 0.39 = 0.00
pSTV28-
EcGri/
pMW219
SC17/ 16.8 = 1.0 N.D. 0.96 = 0.05 0.96 = 0.05
pSTV28-
EcGri/
pMW219-
NhoA

N.D.: not detected
Each value is represented as a mean value obtained from cultivations in triplicate.

Example 4

Construction of 3,4-AcAHBA-producing bacterium by
introducing 3,4-AHBA synthetase gene group derived from
Streptomyces griseus and nhoA gene derived from Escheri-
chia coli into Corynebacterium glutamicum, and evaluation
of amount of accumulated 3,4-AcAHBA

(1) Construction of Plasmid for Expressing nhoA Gene

An expression plasmid for expressing the nhoA gene in
Corynebacterium glutamicum was constructed using the
following procedure. PCR with genomic DNA from
Escherichia coli BW25113 strain as a template was carried
out using the synthesized oligonucleotide having a restric-
tion enzyme recognition sequence for HindIIl at the 3'
terminus and represented by SEQ ID NO:4 and further the
synthesized oligonucleotide having a restriction enzyme
recognition sequence for EcoRI at the 3' terminus and
represented by SEQ ID NO:5 as primers and using Prime-
Star GXL polymerase (supplied from Takara). A reaction
solution was prepared according to a composition attached
to the kit, and 30 cycles of the reaction at 98° C. for 10
seconds, 55° C. for 15 seconds and 68° C. for 60 seconds
were carried out. As a result, a PCR product of about 1.1 kbp
comprising a native promoter of the nhoA gene and an nhoA
gene fragment was obtained. This fragment was digested
with EcoRI and HindlIlIl, and then cloned into pVC7 (de-
scribed in JP 9-070291-A) digested with the same restriction
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enzymes. The resulting vector was designated as pVC7-
NhoA. The full length sequence of pVC7-NhoA is shown as
SEQ ID NO:23.

(2) Construction of 3,4-AcAHBA-Producing Bacterium

A plasmid pPKd4grilH described in JP 2010-005099-A
was used in order to express the gril gene and the griH gene
in Corynebacterium glutamicum. pPK4grilH includes a
sequence connecting the gril gene and the griH gene down-
stream of a promoter sequence of a cell surface protein gene
derived from Corynebacterium glutamicum ATCC 13869
strain (Peyret et al., (1993) Mol. Microbiol., 9, 97-109), and
is a plasmid capable of efficiently expressing the gril gene
and the griH gene in Corynebacterium glutamicum. Com-
petent cells of Corynebacterium glutamicum ATCC 13869
strain were prepared, and then pPK4grilH was introduced
thereto by electroporation. The cells were then applied
uniformly onto a CMDex plate containing 25 mg/l. of
kanamycin, and cultured at 30° C. for 24 hours. The com-
position of the CMDex plate is shown in following Table 5.

TABLE 5

Table 5. Composition of CMDex

Final
Component concentration
Glucose 5 (g/L)
KH,PO, 1 (g/L)
MgSO,*7H,0 0.4 (g/L)
FeSO,*7H,O 10 (mg/L)
MnSO,*5H,0 10 (mg/L)
Polypeptone 10 (g/L)
Bacto-yeast extract 10 (g/L)
Urea 3 (g/L)
Hydrolyzed soybean product (as total nitrogen content) 1.2 (g/L)
Biotin 10 (ng/L)
Agar 20 (g/L)

The pH value was adjusted to 7.5 with KOH. The com-
ponents were autoclaved at 121° C. for 20 minutes, but agar
was added after adjusting the pH value.

A transformant exhibiting resistance to kanamycin was
obtained from the resulting plate. A strain in which
pPK4grilH had been introduced into Corynebacterium glu-
tamicum ATCC 13869 strain was designated as
ATCC13869/pPK4grilH strain. Subsequently, competent
cells of ATCC13869/pPK4grilH strain were prepared, and
then pCV7 or pCV7-NhoA was introduced by electropora-
tion. The cells were then applied uniformly onto a CMDex
plate containing 20 mg/I. of kanamycin and 5 mg/LL of
chloramphenicol, and cultured at 30° C. for 24 hours. A
transformant exhibiting resistance to both kanamycin and
chloramphenicol was obtained from the resulting plate. A
strain in which pVC7 had been introduced into ATCC13869/
pPK4grilH strain was designated as ATCC13869/
pPK4grilH/pVC7 strain. A strain in which pVC7-NhoA had
been introduced into ATCC13869/pPK4grilH strain was
designated as ATCC13869/pPK4grilH/pVC7-NhoA strain.

(3) Evaluation of 3,4-AcAHBA-Producing Culture

Microbial cells from ATCC13869/pPK4grilH/pVC7
strain and ATCC13869/pPK4grilH/pVC7-NhoA strain were
uniformly applied onto a CMDex plate containing 20 mg/L,
of kanamycin and 5 mg/L. of chloramphenicol, and cultured
at 30° C. for 24 hours. One loopful of microbial cells
obtained from the resulting plate was inoculated to 4 mL of
a medium for producing 3,4-AcAHBA and containing 20
mg/L, of kanamycin and 5 mg/LL of chloramphenicol in a test
tube, and cultured on the reciprocal shaking cultivation
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apparatus at 30° C. for 56 hours. The composition of the
medium for producing 3,4-AcAHBA is as described in
following Table 6.

TABLE 6

Table 6. Composition of medium for producing 3.4-AcAHBA

Final

Component concentration
Glucose 100 (g/L)
(NH,),80, 55 (g/L)
KH,PO, 1 (g/L)
MgSO,*7H,0 1 (g/L)
FeSO,4*7H,O 10 (mg/L)
MnSO,*7H,0 10 (mg/L)
Hydrolyzed soybean product (as total 1.05 (g/L)
nitrogen content)

Nicotine amide 5 (mg/L)
Thiamine hydrochloride 2 (mg/L)
Biotin 0.5 (mg/L)
CaCO, 50 (g/L)

The pH value was adjusted to 7.5 with KOH. The com-
ponents were autoclaved at 121° C. for 20 minutes, but
glucose and MgSO,.7H,0O were mixed and sterilized sepa-
rately. CaCO; was added after dry-heat sterilization.

After the cultivation, OD values at 600 nm of the culture
media were measured using the spectrophotometer (HI-
TACHI U-2900). Also, 3,4-AHBA and 3,4-AcAHBA accu-
mulated in the culture supernatant were separated by reverse
phase column chromatography and their amounts were
measured in the same manner as in Example 1 (9). The OD
values at 600 nm of the culture media, the amount of
accumulated 3,4-AHBA, and the amount of accumulated
3,4-AcAHBA were shown in Table 7. No 3,4-AHBA was
accumulated and the amount of accumulated 3,4-AcAHBA
increased in the culture supernatant of ATCC13869/
pPK4grilH/pVC7-NhoA strain compared with that in the
culture supernatant of ATCC13869/pPK4grilH/pVC7 strain
that was the control.

TABLE 7
Table 7. Accumulated amounts of 3,4-AHBA and 3,4-AcAHBA
and their summation in culture supernatant of Corynebacterium
glutamicum transformed with 3,4-AHBA synthetase gene group
derived from Streptomyces griseus and nhoA gene derived from
Escherichia coli
Sum of
Amount of
accumulated
34-AHBA
Amount of and
Amount of accumulated accumulated
accumulated 3,4- 3,4-
oD 34-AHBA  AcAHBA AcAHBA
Strain name (600 nm) (g/L) (g/L) (g/L)
ATCC13869/ 95524 048 x0.00 N.D. 0.48 = 0.00
pPK4grilH/
pvC7
ATCC13869/ 97.5 3.4 N.D. 048 =0.00 0.48 +0.00
pPK4grilH/
pVCT-
NhoA

N.D.: not detected
Each value is represented as a mean value obtained from cultivations in triplicate.

INDUSTRIAL APPLICABILITY

According to the present invention, it is possible to
conveniently and efficiently produce acetylamino-hydroxy-
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benzoic acid-type compounds that can easily be converted to
amino-hydroxybenzoic acid-type compounds that are useful
as intermediates for dyes, agricultural chemicals, pharma-
ceuticals and other organic synthesized products and as
monomers of polybenzoxazoles. Therefore, for example,
3-acetylamono-4-hydroxybenzoic  acid  obtained as
described herein is converted to 3-amino-4-hydroxybenzoic
acid and then the converted 3-amino-4-hydroxybenzoic acid
is polymerized to yield polybenzoxazole (PBO), thereby

being capable of inexpensively providing PBO fibers and 10

PBO films having high intensity, high elastic modulus and
high heat resistance. The 3-acetylamino-4-hydroxybenzoic

30

acid-type compound that is a stable compound and can
easily be converted to the 3-amino-4-hydroxybenzoic acid-
type compound that is a raw material can be produced by
biosynthesis. Thus, the method as described herein is a
process with low environmental load and is friendly for the
global environment.

While the invention has been described in detail with
reference to preferred embodiments thereof, it will be appar-
ent to one skilled in the art that various changes can be made,
and equivalents employed, without departing from the scope
of the invention. Each of the aforementioned documents is
incorporated by reference herein in its entirety.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 23
<210>
<211>
<212>

<213>

SEQ ID NO 1
LENGTH: 270
TYPE: PRT

ORGANISM: Streptomyces griseus

<400>

Met

1

Asn

Leu

Pro

Arg

65

Arg

Gly

Val

Gly

Glu

145

Trp

Tyr

Arg

Leu

225

Glu

Asp

Thr

Pro

Ile

Ser

50

Gly

Gln

Ala

Asp

Ala

130

Leu

Gly

Glu

Glu

Gln

210

Ser

Arg

Phe

Leu

Arg

Gly

Leu

Gly

Ile

Ala

Val

115

Val

Ser

Pro

Pro

Val

195

Ala

Gly

Arg

Gly

SEQUENCE:

Asp

Pro

20

Ile

Ala

Tyr

Gly

Pro

100

Ala

Gly

Asp

Leu

Gln

180

Ile

Val

Leu

Leu

Ile
260

<210> SEQ ID NO

1

Leu

Thr

Pro

Leu

Cys

Phe

85

Gly

Gly

Ala

Ala

Pro

165

Tyr

Asn

Tyr

Asp

Glu
245

Arg

Asp

Leu

Phe

Asp

Tyr

70

Ser

Asp

Glu

Leu

Pro

150

Leu

Asp

Trp

Ala

Leu

230

Asp

Leu

Ala

Glu

Glu

Asp

55

Glu

Val

Ile

Pro

Leu

135

Arg

Trp

Phe

Phe

Gln

215

Val

Gly

Pro

Tyr

Val

Asn

40

Leu

His

Thr

Arg

His

120

Glu

Arg

Glu

Thr

Ile

200

Arg

Glu

Asp

Glu

Phe

Leu

25

Leu

Glu

Asn

Pro

Pro

105

Pro

Pro

His

Leu

Leu

185

Ala

Thr

Thr

Glu

Gly
265

Ala

10

Arg

Glu

Ala

Thr

Leu

90

Arg

Tyr

Ile

Arg

Gln

170

Asp

Thr

Arg

Ala

Ala
250

Val

Arg

Ser

Pro

Lys

Leu

75

Thr

Thr

Leu

Glu

Leu

155

Ala

Pro

His

Ile

Asp

235

Leu

Arg

Ile

Leu

Val

Leu

60

Phe

Ala

His

Ala

Leu

140

Val

Gly

Tyr

Pro

Gly

220

Asp

Arg

Leu

Gly

His

Leu

45

Val

Ser

Arg

Met

Asp

125

Val

His

Gln

Glu

Arg

205

Ser

Gly

Val

Pro

Trp

Arg

30

Gly

His

Ala

Val

Leu

110

Val

Glu

Ala

Gly

Lys

190

Ser

His

Thr

Leu

Glu
270

Thr

15

Ala

Ser

Gly

Val

Val

95

Met

Gly

Asp

Pro

Gly

175

Pro

Pro

Leu

Ile

Thr
255

Gly

His

Ala

Gly

Leu

80

Leu

Arg

Phe

Ala

His

160

Ser

Asp

Phe

Ala

Arg

240

Asp
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<211> LENGT.
<212> TYPE:

H: 281
PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 2

Met Thr Pro
1

Ala Ala Ala
Asn Cys Thr
35

Ile Gln Leu
50

Arg Gly Gly
65

Arg Glu Leu

Ser Asn Pro

Glu Leu Glu

115

Thr Leu Thr
130

Pro His Gly
145

Gln Phe Asn

Cys Glu Gln

His Trp Pro
195

Leu Pro Asp
210

Tyr Glu Asn
225

Ser Leu Tyr

Ala Lys His

Phe Asp Thr
275

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ile Leu Asn His Tyr

5

Val Asn Ile Asp Thr

20

Ile Pro Phe Glu Asn

40

Asp Asn Gln Ser Pro

55

Tyr Cys Phe Glu Gln

70

Gly Phe Asn Val Arg

85

Pro Ala Leu Pro Pro

100

Glu Glu Lys Trp Ile

120

Ala Pro Ile Arg Leu

135

Glu Tyr Arg Leu Leu
150

His His Gln His Trp

165

Gln Gln Ser Asp Tyr

180

Gln Ser His Phe Arg

200

Gly Gly Lys Leu Thr

215

Gly His Ala Val Glu
230

Ala Val Met Gln Glu

245

Gly Phe Thr Val Asp

260

His Pro Glu Ala Gly

D NO 3
H: 846
DNA

280

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 3

atgacgccca

aatattgata

ctcgacgttt

gtgatagcce

cgcgagetgg

gcattaccge

ttctgaatca

cgcttegtge

tgctgecgag

gtegtggegg

ggtttaacgt

cgcgeaccca

ctattttgee

attgcacctyg

ggaaatacag

ttactgtttt

tcgcagettyg

tegtttgety

Phe Ala Arg
10

Leu Arg Ala
25

Leu Asp Val

Glu Glu Lys

Asn Gly Val
75

Ser Leu Leu
90

Arg Thr His
105

Ala Asp Val

Val Ser Asp

Gln Glu Gly
155

Gln Ser Met
170

Val Met Gly
185

His His Leu

Leu Thr Asn

Gln Arg Asn
235

Gln Phe Gly
250

Glu Leu Ala
265

Lys

cgtattaact
aaacacaatt
cttgataatc
gagcagaatg
ttagggcgcg

ttggtggaac

Ile Asn Trp

Leu His Leu
30

Leu Leu Pro
45

Leu Val Ile
60

Phe Glu Arg

Gly Arg Val

Arg Leu Leu
110

Gly Phe Gly
125

Leu Val Gln
140

Asp Asp Trp

Tyr Arg Phe

Asn Phe Trp
190

Leu Met Cys
205

Phe His Phe
220

Leu Pro Asp

Leu Gly Val

Leu Val Met
270

ggtcgggage
gcaccattce
aatcgccgga
gegtgtttga
tagtgttatc

tggaagagga

Ser Gly
15

Lys His

Arg Glu

Ala Arg

Val Leu
80

Val Leu
95

Leu Val

Gly Gln

Thr Thr

Val Leu
160

Asp Leu
175

Ser Ala

Arg His

Thr His

Val Ala
240

Asp Asp
255

Ala Ala

tgctgeggte
gtttgaaaac
agagaaactg
gegggtgtta
aaatccgeca

aaaatggatt

60

120

180

240

300

360
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-continued
gectgatgteg gttteggtgg gcagacgcta accgegecga ttegtttagt ttecgatcte 420
gtgcagacca cgccacacgg agagtatcgg ttgttgcagg agggtgatga ttgggtgttg 480
cagtttaatc atcatcagca ttggcagtcg atgtaccgtt ttgatctetyg cgagcagcaa 540
caaagcgatt atgtgatggg caatttctgg teggcegcact ggecgcagte gcattttege 600
catcatttge tgatgtgccg ccatttgecg gacggcggca agctgacact gaccaatttt 660
cattttacce attatgaaaa tgggcacgcg gtggagcage gaaatctacce ggatgtggeg 720
tcattatatg ctgtgatgca agaacagttt ggtctgggeyg tggatgatge gaaacatgge 780
tttaccgtgg atgagttagce gectggtgatg geggegtttyg atacgcacce ggaggcggga 840
aaataa 846
<210> SEQ ID NO 4
<211> LENGTH: 43
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer 1 for amplifying a polynucleotide of
nhoA
<400> SEQUENCE: 4
aaaaagcttg tgagcgaaga aggttttttt aagcgtagte cgt 43
<210> SEQ ID NO 5
<211> LENGTH: 39
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer 2 for amplifying a polynucleotide of
nhoA
<400> SEQUENCE: 5
aaagaattct gtatgccgga taaggegttt acgccgcat 39
<210> SEQ ID NO 6
<211> LENGTH: 3700
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Nucleotide sequence of pUC19-nhoA
<400> SEQUENCE: 6
gacgaaaggyg cctcgtgata cgcctatttt tataggttaa tgtcatgata ataatggttt 60
cttagacgte aggtggcact tttcggggaa atgtgcgegyg aacccctatt tgtttatttt 120
tctaaataca ttcaaatatg tatccgctca tgagacaata accctgataa atgcttcaat 180
aatattgaaa aaggaagagt atgagtattc aacatttceg tgtcgccctt attccctttt 240
ttgcggcatt ttgccttect gtttttgete acccagaaac gctggtgaaa gtaaaagatg 300
ctgaagatca gttgggtgca cgagtgggtt acatcgaact ggatctcaac agcggtaaga 360
tccttgagag ttttegecce gaagaacgtt ttecaatgat gagcactttt aaagttctge 420
tatgtggcege ggtattatcce cgtattgacg cecgggcaaga gcaactceggt cgccgcatac 480
actattctca gaatgacttg gttgagtact caccagtcac agaaaagcat cttacggatg 540
gcatgacagt aagagaatta tgcagtgctg ccataaccat gagtgataac actgcggceca 600
acttacttct gacaacgatc ggaggaccga aggagctaac cgettttttyg cacaacatgg 660
gggatcatgt aactcgcctt gatcgttggg aaccggaget gaatgaagec ataccaaacy 720
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-continued
acgagcgtga caccacgatg cctgtagcaa tggcaacaac gttgcgcaaa ctattaactg 780
gcgaactact tactctaget tcccggcaac aattaataga ctggatggag gcggataaag 840
ttgcaggacce acttctgege tcggcectte cggetggetyg gtttattget gataaatctg 900
gagccggtga gegtgggtcet cgceggtatca ttgcagecact ggggccagat ggtaagcect 960
ccegtategt agttatctac acgacgggga gtcaggcaac tatggatgaa cgaaatagac 1020
agatcgctga gataggtgcc tcactgatta agcattggta actgtcagac caagtttact 1080
catatatact ttagattgat ttaaaacttc atttttaatt taaaaggatc taggtgaaga 1140
tcetttttga taatctcatg accaaaatce cttaacgtga gttttegtte cactgagegt 1200
cagaccccgt agaaaagatc aaaggatctt cttgagatcc tttttttcectg cgcgtaatct 1260
gctgcecttgca aacaaaaaaa ccaccgctac cagcggtggt ttgtttgecg gatcaagagce 1320
taccaactct ttttccgaag gtaactggct tcagcagagc gcagatacca aatactgtcce 1380
ttctagtgta geccgtagtta ggccaccact tcaagaactc tgtagcaccg cctacatacc 1440
tcgectetget aatcctgtta ccagtggcectg ctgccagtgg cgataagteg tgtcttaccg 1500
ggttggactc aagacgatag ttaccggata aggcgcagceg gtcgggctga acggggggtt 1560
cgtgcacaca gcccagettyg gagcgaacga cctacaccga actgagatac ctacagegtg 1620
agcattgaga aagcgccacg cttcccgaag ggagaaagge ggacaggtat ccggtaageg 1680
gcagggtegyg aacaggagag cgcacgaggg agcttcecagg gggaaacgcec tggtatcttt 1740
atagtcectgt cgggtttege cacctcectgac ttgagcgteg atttttgtga tgctcegtcag 1800
gggggcggag cctatggaaa aacgccagca acgcggcctt tttacggttce ctggectttt 1860
gctggecttt tgctcacatg ttetttectg cgttatccee tgattetgtg gataaccgta 1920
ttaccgectt tgagtgaget gataccgctce gccgcagecg aacgaccgag cgcagcgagt 1980
cagtgagcga ggaagcggaa gagcgceccaa tacgcaaacce gectetccee gegegttgge 2040
cgattcatta atgcagctgg cacgacaggt ttcccgactg gaaagcgggce agtgagcgca 2100
acgcaattaa tgtgagttag ctcactcatt aggcacccca ggctttacac tttatgectte 2160
cggctegtat gttgtgtgga attgtgagcg gataacaatt tcacacagga aacagctatg 2220
accatgatta cgccaagctt gtgagcgaag aaggtttttt taagcgtagt ccgtaacgca 2280
ataagtaacg aaattaacgg gattggcgat ttgcgaacgt gatgcatgtc cgcgatcgca 2340
caaaatagcc ggtgcggegt ctattccagg ttataagttg agaaaaccac taagggaaac 2400
gcctgatgac gceccattcectg aatcactatt ttgcccecgtat taactggtcg ggagctgetg 2460
cggtcaatat tgatacgctt cgtgcattgc acctgaaaca caattgcacc attccgtttg 2520
aaaacctcga cgttttgetg ccgagggaaa tacagcttga taatcaatcg ccggaagaga 2580
aactggtgat agcccgtegt ggcggttact gttttgagca gaatggcgtg tttgageggg 2640
tgttacgcga gctggggttt aacgttcecgca gcttgttagg gecgcgtagtg ttatcaaatc 2700
cgccagcecatt accgccgege acccatcgtt tgetgttggt ggaactggaa gaggaaaaat 2760
ggattgctga tgtcggtttce ggtgggcaga cgctaaccgce gecgattegt ttagtttecg 2820
atctcgtgca gaccacgcca cacggagagt atcggttgtt gcaggagggt gatgattggg 2880
tgttgcagtt taatcatcat cagcattggc agtcgatgta ccgttttgat ctectgcgagce 2940
agcaacaaag cgattatgtg atgggcaatt tctggtcggce gcactggccg cagtcgcatt 3000
ttcgccatca tttgctgatg tgccgcecatt tgccggacgg cggcaagctg acactgacca 3060
attttcattt tacccattat gaaaatgggc acgcggtgga gcagcgaaat ctaccggatg 3120
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tggcgtcatt

atggctttac

cgggaaaata

aattcactgg

aatcgecttyg

gatcgeecett

ctecettacge

tctgatgecyg

cgggettgte

atgtgtcaga

atatgetgtyg

cgtggatgag

atttatgtca

cegtegtttt

cagcacatcc

cccaacagtt

atctgtgegyg

catagttaag

tgcteccegge

ggttttcace

<210> SEQ ID NO 7
<211> LENGTH: 399

<212> TYPE:

DNA

atgcaagaac

ttagcgctygyg

ggttgccgga

acaacgtegt

cectttegee

gegeagecty

tatttcacac

ccagceecga

atccgettac

gtcatcaccyg

agtttggtet

tgatggcggc

tgcggegtaa

gactgggaaa

agctggegta

aatggcgaat

cgcatatggt

cacccgccaa

agacaagctg

aaacgcgcga

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Nucleotide sequence of Ptac-Ttrp

<400> SEQUENCE: 7

ggtaccagat
ggataacaat
actttcttta
tcegettaccee
aacaaattaa
tcctcaggta

ctegttgege

ctcectgttyg
ttcacacaag
atgaagcegg
cggtegaacy
tccegeaaca
attgttaata

ttaatttgac

<210> SEQ ID NO 8
<211> LENGTH: 3383

<212> TYPE

: DNA

acaattaatc

gagactcccyg

aaaaatccta

tcaacttacg

taacaccagt

tatccagaat

taattctcat

atcggcetceta
ggagcegeca
aattcattta
tcatttttecc
aaaatcaata
gttectcaaa

tagggatce

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Nucleotide sequence of pSTV28-Ptac-Ttrp

<400> SEQUENCE: 8

cgtatggcaa

gttttccatg

cggcagttte

ttccctaaag

accagttttg

ggcaaatatt

geegtttgty

gagtggcagg

gctacgecty

cceggtegte

cggtttattyg

tgctcagget

tgaaagacgg

agcaaactga

tacacatata

ggtttattga

atttaaacgt

atacgcaagg

atggctteca

geggggegta

aataagtgat

ggttcagggc

actaccggaa

ctcececegtygy

tgagetggtg

aacgttttca

ttcgcaagat

gaatatgttt

ggccaatatg

cgacaaggtyg

tgtcggcaga

atttttttaa

aataagcgga

agggtcgtta

gcagtgtgac

aggtaataat

atatgggata

tcgetetgga

gtggegtgtt

ttcgtcteag

gacaacttct

ctgatgeege

atgcttaatg

ggcagttatt

tgaatggcag

aatagccget

cgtgtgette

tgacgatatg

gggegtggat gatgcgaaac
gtttgatacg cacccggagg
acgccttate cggcatacag
accctggegt tacccaactt
atagcgaaga ggcccgcace
ggcgectgat geggtatttt
gcactctecag tacaatctge
cacccgetga cgegecctga

tgaccgtete cgggagetge

taatgtgtgg aatcgtgage

gttecgetgg cggcatttta

atatttatct ttttaccgtt

gcccaacagt aatataatca

attttctcta agtcacttat

atatattttc cctctatctt

gtgttcacce ttgttacacc

gtgaatacca cgacgattte

acggtgaaaa cctggectat

ccaatccctyg ggtgagttte

tcgececcegt tttcaccatg

tggcgattca ggttcatcat

aattacaaca gtactgcgat

ggtgcectta aacgectggt

aaattcgaaa gcaaattcga

tatgtctatt gctggtttac

tcaaatgecct gaggccagtt

atcatttatt ctgcctcceca

3180

3240

3300

3360

3420

3480

3540

3600

3660

3700

60

120

180

240

300

360

399

60

120

180

240

300

360

420

480

540

600

660

720
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40

-continued
gagectgata aaaacggtta gcgettegtt aatacagatg taggtgttcc acagggtagce 780
cagcagcatce ctgcgatgca gatccggaac ataatggtge agggcgettyg ttteggegtg 840
ggtatggtgyg caggccccegt ggccggggga ctgttgggeg ctgccggeac ctgtectacy 900
agttgcatga taaagaagac agtcataagt gcggcgacga tagtcatgec ccgegeccac 960
cggaaggagce taccggacag cggtgcggac tgttgtaact cagaataaga aatgaggccg 1020
ctcatggcgt tccaatacgc aaaccgcectce tcceccgegeg ttggccgatt cattaatgcea 1080
gctggcacga caggtttcce gactggaaag cgggcagtga gcgcaacgca attaatgtga 1140
gttagctcac tcattaggca ccccaggctt tacactttat gettceccecgget cgtatgttgt 1200
gtggaattgt gagcggataa caatttcaca caggaaacag ctatgaccat gattacgaat 1260
tcgagectegg taccagatct ccctgttgac aattaatcat cggctctata atgtgtggaa 1320
tcgtgagegg ataacaattt cacacaagga gactcceggg agccgccagt tecgetggeg 1380
gcattttaac tttctttaat gaagccggaa aaatcctaaa ttcatttaat atttatcttt 1440
ttaccgtttce gecttacceceg gtcgaacgte aacttacgtce atttttccge ccaacagtaa 1500
tataatcaaa caaattaatc ccgcaacata acaccagtaa aatcaataat tttctctaag 1560
tcacttattc ctcaggtaat tgttaatata tccagaatgt tcctcaaaat atattttcce 1620
tctatcttet cgttgcgett aatttgacta attctcatta gggatcctet agagtcgacce 1680
tgcaggcatg caagcttggc actggccgtce gttttacaac gtcgtgactg ggaaaaccct 1740
ggcgttacce aacttaatcg ccttgcagca catccceccectt tegeccagetg gcgtaatage 1800
gaagaggcce gcaccgatceg ccctteccaa cagttgegca gectgaatgg cgaatgaget 1860
tatcgatgat aagctgtcaa acatgagaat tacaacttat atcgtatggg gctgacttca 1920
ggtgctacat ttgaagagat aaattgcact gaaatctaga aatattttat ctgattaata 1980
agatgatctt cttgagatcg ttttggtctg cgcgtaatct cttgctctga aaacgaaaaa 2040
accgecttge agggceggttt ttcgaaggtt ctetgagceta ccaactcttt gaaccgaggt 2100
aactggcttg gaggagcgca gtcaccaaaa cttgtccttt cagtttagcce ttaaccggceg 2160
catgacttca agactaactc ctctaaatca attaccagtg gctgctgcca gtggtgettt 2220
tgcatgtectt tccgggttgg actcaagacg atagttaccg gataaggcgce agcggtcgga 2280
ctgaacgggg ggttcgtgca tacagtccag cttggagcga actgcctacce cggaactgag 2340
tgtcaggcegt ggaatgagac aaacgcggec ataacagegg aatgacaccyg gtaaaccgaa 2400
aggcaggaac aggagagcgc acgagggagce cgccagggga aacgectggt atctttatag 2460
tcetgteggg tttegceccace actgatttga gcgtcagatt tegtgatget tgtcaggggg 2520
gcggagcecta tggaaaaacg gctttgccge ggccctcteca cttecectgtt aagtatcette 2580
ctggcatctt ccaggaaatc tceccgcecccecgt tcecgtaagceca tttecgcecteg ccegcagtcega 2640
acgaccgagce gtagcgagtce agtgagcgag gaagcggaat atatcctgta tcacatattce 2700
tgctgacgca ccggtgcage cttttttcte ctgccacatg aagcacttca ctgacaccct 2760
catcagtgcc aacatagtaa gccagtatac actccgctag cgctgatgte cggecggtget 2820
tttgcegtta cgcaccacce cgtcagtage tgaacaggag ggacagctga tagaaacaga 2880
agccactgga gcacctcaaa aacaccatca tacactaaat cagtaagttg gcagcatcac 2940
ccgacgcact ttgcgccgaa taaatacctg tgacggaaga tcacttcgca gaataaataa 3000
atcctggtgt cecctgttgat accgggaagce cctgggccaa cttttggcga aaatgagacg 3060
ttgatcggca cgtaagaggt tccaactttc accataatga aataagatca ctaccgggcg 3120
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tattttttga

ctggatatac

agtcagttge

agaccgtaaa

tgatgaatge

gttatcgaga

caccgttgat

tcaatgtacc

gaaaaataag

tcatccggaa

<210> SEQ ID NO 9
<211> LENGTH: 274

<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 9

Met Ala Pro

ttttcaggag

atatcccaat

tataaccaga

cacaagtttt

ttt

Asn Ala Pro Phe Ala

1

His

Ile

Gly

Ser
65

Ala

Leu

145

Asp

Ala

Glu

Arg

Arg

225

Pro

Ser

Ala

<210>
<211>
<212>
<213>

<400>

His

Thr

Glu

50

Leu

His

Leu

Ser

Asp

130

Leu

Pro

Asp

Ile

Asp

210

Gly

Asp

Gly

Ala

His

Asp

35

Leu

Arg

Leu

Val

Val

115

Met

Ala

Ala

Leu

Thr

195

Ser

Gly

Pro

Thr

Asp

20

Gly

Ala

His

Ser

Ser

100

His

Ala

Met

Leu

Val

180

Ala

Asp

Ala

Gly

Arg
260

SEQUENCE :

Pro

Pro

Ser

Val

Ala

85

Ser

Val

Ala

Met

Val

165

Lys

Ala

Glu

Ala

Ala
245

Gly

SEQ ID NO 10
LENGTH:
TYPE: DNA
ORGANISM: Streptomyces griseus

825

10

Asp

Leu

His

Asp

70

Ser

Val

Asn

Val

Tyr

150

Ala

Thr

Ser

Ser

Gly

230

Met

Ala

Arg

Ser

His

55

Pro

Thr

Glu

Leu

Ala

135

Pro

His

Leu

Pro

Arg

215

Val

Ala

Ala

Leu

Arg

40

Val

Glu

Val

Glu

Gly

120

Glu

Arg

Ala

Tyr

Val

200

Ile

Ala

Asp

Arg

ctaaggaagc

ggcatcgtaa

cecgtteaget

atcecggectt

Streptomyces griseus

Arg

Phe

25

Ala

Asp

Trp

His

Ser

105

Ser

Ala

Gly

Val

Val

185

Pro

Leu

Met

Lys

Ala
265

Ser

10

Ile

His

Gly

Phe

Ala

Leu

Glu

Cys

Pro

Gln

170

Gly

Val

Ala

Gly

Leu
250

Pro

Leu

Val

Arg

Ile

Thr

75

Pro

Arg

Gly

Asp

Lys

155

Val

Ser

Val

Tyr

Arg

235

Ser

Ala

taaaatggag aaaaaaatca
agaacatttt gaggcatttc
ggatattacg gcctttttaa

tattcacatt cttgccegec

Arg Leu Gln Arg Leu

Pro

Leu

Val

60

Arg

Asp

Met

Glu

Arg

140

Ile

Ala

Val

Val

Val

220

Asn

Asp

Gly

Leu

Asp

45

Leu

Thr

Pro

Gly

Arg

125

Trp

Asp

Val

Ala

Val

205

Asp

Val

Leu

Ala

Asp

30

Pro

His

Ser

Asn

Ala

110

His

Asn

Asp

Asp

Ala

190

Gly

Asp

Phe

Ile

Ala
270

15

His

Leu

Lys

Leu

Ala

Asp

Gln

Val

Pro

Leu

175

Met

Gly

Ala

Gln

His

255

Ala

Ser

Val

Gly

Ile

80

Lys

Ala

Ile

Pro

Arg

160

Gly

Ala

Pro

Leu

Ala

240

Asn

Gly

3180

3240

3300

3360

3383
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atggccccga

cecegacegge

geccaccgece

ctgcacaagg

gtgcacctca

agcgtcgagg

tecgaggggg

tggaacgtac

gatccggege

aagacgctgt

ceggtegteg

gacgacgcge

cctgateeeg

ggcgcggcecc

acgcgeectt

tgttcategt

tcgacceget

getegetgeyg

gegecageac

agagcctgeg

aacgccacca

cgetgetgge

tegtegecca

acgtcggatce

tggteggegg

tgcgeggegyg

gegegatgge

gggCtCngC

<210> SEQ ID NO 11
<211> LENGTH: 396

<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 11

cgccaggagt
geegetegac
cgteggegaa
ccacgtggac
cgtgcacgeg
catgggcgcg
gatcgeggac
gatgatgtat
tgcecgtecag
ggtcgeggeg
accgcgegac
cgeggeeggt
ggacaagctce

cggegeeged

Met

1

Ala

Trp

Glu

His

65

Gly

Asp

Pro

Leu

Leu

145

Ala

Glu

Met

Ala

Ser

Ser

Leu

Ala

Leu

Lys

Pro

Glu

Glu

130

Phe

Ala

Ala

Met

Glu
210

Ser

Ser

Asp

35

Leu

Ala

Gln

Ser

Ile

115

Asp

Arg

Arg

Glu

Ala
195

Ala

Ser

Ser

20

Ile

His

Asp

Ile

Lys

100

Glu

Ala

Asp

Ala

Ile
180

Pro

Gly

Pro

Ala

Arg

His

Leu

Pro

85

His

Phe

Cys

Pro

Ser

165

Leu

Lys

Ile

Ser

Ser

Ser

Arg

Pro

70

Glu

Gly

Gly

Glu

Thr

150

Gly

Phe

Thr

Pro

Pro

Ser

Val

Val

55

Pro

Glu

Val

Arg

Ser

135

Lys

Ser

Gly

Val

Asn
215

Ser

Ser

Gly

40

Glu

Thr

Phe

Thr

Phe

120

Ser

Ile

Met

Val

Gly

200

Leu

ctgecgactee

cactcgatca

ctggectece

ccggagtggt

cccgacccga

gacgcggtga

atggeggegg

cegegegged

gtggecegtgg

atggccgaga

agtgacgaga

gtcegecatgg

tccgacctea

gccggagcecg

Streptomyces griseus

Pro

Pro

25

Glu

Ala

Val

Gly

Pro

105

Val

Arg

Pro

Val

Leu
185

Asp

Asn

Ser

10

Ser

Ala

Leu

Ala

Glu

90

Ala

Glu

Thr

Leu

Thr

170

Glu

Ala

Leu

Ser

Ser

Arg

Val

Lys

75

Ala

Glu

Ile

Glu

Glu

155

Ile

His

Ala

Thr

agcggceteca
ccgacggece
accacgtcga
tcacgecggac
acgccaagta
gegtcecacgt
tegeggagge
ccaagatcga
accteggege
tcaccgegge
geeggatect
gecgcaacgt
tccacaacag

cctga

tcaccacgac

getgageegt

cgggategte

ctcgetgate

cctggtgteg

caatctecgge

ctgecgaccge

cgaccegege

cgacctggte

ctcgeecegtt

cgecctacgte

ctteccaggee

cggcaccagg

Ser

Ser

Ala

Ala

60

Val

Thr

Leu

Ile

Lys

140

Ile

Ala

Gly

Glu

Glu
220

Ser

Ser

Ala

45

Asp

Leu

Val

Ala

Asp

125

Trp

Val

Gln

Ser

Leu

205

Leu

Ser

Lys

30

Ile

Asp

Leu

Val

Leu

110

Ala

Ser

Ile

Asp

Asp

190

Lys

Arg

Ser

15

Leu

Val

Pro

Val

Val

95

Lys

Pro

Val

Ala

Leu
175
Gly

Arg

Val

Ser

Thr

Gln

Ala

Val

80

Val

His

Thr

Leu

Ala

160

Glu

Val

Ile

Val

60

120

180

240

300

360

420

480

540

600

660

720

780

825



45

US 9,447,443 B2

-continued

46

Glu Thr Ser
225

Thr His Phe

Gly Met Ile

Thr Arg Pro

275

Gly Arg Asp
290

Lys Leu Thr
305

Gly Arg Val

Ala Pro Asp

Val Arg Val

355

Lys Pro Gly
370

Val Gly Tyr
385

<210> SEQ I
<211> LENGT.
<212> TYPE:

His Ile Gly Met Gly
230

Gly Glu Asp Glu Gly

245

Leu Cys Val Ser Glu

260

Phe Arg Val Asn Ala

280

Glu Arg Thr Asn Tyr

295

Ala Val Asp Ile Lys
310

Lys Ile Glu Thr Arg

325

Gly Arg Arg Val Asn

340

Leu Gly Pro Gly Gly

360

Asp Thr Val Leu Gly

375

Pro Ile Asn Glu Phe
390

D NO 12
H: 1191
DNA

Glu Arg
Ile Leu
250

Thr His
265

Gly Ala

Leu Ser

Gly Asn

Pro Leu

330
Leu Ile
345
Thr Val

Tyr Leu

Cys Leu

<213> ORGANISM: Streptomyces griseus

<400> SEQUENCE: 12

atgtcttegt

gettegtegt

gaggcccgtg

gacgaccccyg

gggaagcaga

cacggtgtga

gtggagatca

tggtcegtee

geegegegcey

ctetteggeyg

gacgccgecyg

ctgegegteg

acgcattteg

tgcgtcageg

ggcgccatee

aagacgggca

ggccgcgtga

cggegegtea

acggtectca

ctcegtetee

cgecttegte

ccgecategt

cccacctege

tcceggagga

cececeegecga

tcgacgegec

tgctgtteeg

ccteeggtte

tgctggagca

agctgaageg

tggagaccag

dcgaggacga

agacccaccc

actcgtacac

gcaagctcac

agatcgagac

acctgatcct

acagcaccga

gtcteegtee

gtcegtegaag

ccaggaggec

ggacctgecyg

gttcggcgag

actggegete

gacgctggag

cgaccegace

gatggtgacce

cggceteggac

gatcgecgag

ccacatecgge

gggcatccty

getgeegtac

getgggcagg

cgecegtegac

cegecegety

ccaggacgac

getgaagece

Ala

235

Val

Pro

Ile

Glu

Thr

315

Ile

Leu

Leu

Pro

Glu
395

tegtegtect

ctgacctgge

ctgcaccace

cccacegtygyg

gecgacggteg

aagcaccegg

gacgcctgeg

aagatccege

atcgcgcagyg

ggcgtgatga

geeggeatee

atgggcgagc

gteggetege

atgccgacce

gacgagcgca

atcaagggca

atctccateg

tggcacgtce

ggcgacacgg

Cys Val Asp

Gly Ser His

Leu Pro Tyr

270

His Ser Tyr
285

Leu Lys Thr
300

Arg Leu Val

Ser Ile Asp

Gln Asp Asp

350

Asn Ser Thr
365

Val Glu Asp
380

Lys

cgtcatctge
tcgacatceeg
gggtggaagce
ccaaggtect
tcgtegtega
agatcgagtt
agtcctegeg
tggagatcgt
acctggagga
tggcceccgaa
ccaacctcaa
gggectgegt
actccaaggyg
ggcegtteceg
cgaactacct
acaccegget
acgccgagge
gggtcctegg

tccteggeta

Thr Thr
240

Ser Lys
255

Met Pro

Thr Leu

Gly Ser

Thr Val
320

Ala Glu
335

Trp His

Glu Leu

Arg His

gtcetegteg
ttcegtggge
getggtegece
getggtggtyg
ccegtegaag
cgggeggtte
gaccgagaag
gatcgecgece
ggcggagatc
gacggtcggt
cctecaccgag
ggacaccacc
catgatccte
cgtcaacgec
gagcgaactg
ggtgaccgtg
cceggacgge

cceceggtgge

cctgecegte

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140
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48

gaggaccgte acgtcggcta ceccgatcaac gagttctgee tggagaagta g

<210> SEQ ID NO 13
<211> LENGTH: 2480

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Nucleotide sequence of EcGriIH

<400> SEQUENCE: 13

gaattcgage

ggaatcgtga

ttgctegtag

tcecegetgga

tggttggcga

gtcacgtgga

cggtteacge

gtatgggcgc

agattgcaga

cgatgatgta

atgcegttca

cagttgcage

gtcegegtga

gtgcagctgg

ctgataaact

ctggtgeege

accgtcacceyg

aagttcaagt

cgttcaggaa

ggcagatctyg

agaatttgge

agaactggct

gecgacgety

tcgtgateeg

ttccatggte

acacggcage

acgcattgeg

ctctcatatt

cgaaggtatt

tcegetgecyg

tacgctggge

gaccgecgte

aaccegtecyg

tctgcaagat

tcggtaccag

gcggataaca

cctgegectyg

tcatagcatt

actggcaage

tcceggaatgyg

cceggateeg

ggatgcegtt

tatggcagca

tcegegtggt

agtcgetgtyg

tatggcagaa

ttcagacgaa

tgttgctatg

gagcgacctyg

cgetggtget

tcatcttectt

aaactgacct

gecctgeate

cegecgaceyg

gaagcgacgyg

ctgaaacacc

gaagacgect

acgaaaattc

accattgcac

gatggtgtta

gaagccggcea

ggcatgggtg

ctggtegget

tatatgccga

cgtgatgaac

gacattaagg

ctgatttcaa

gactggcatg

atctcectgt

atttcacaca

caacgectge

accgacggte

catcacgteg

tttacccgea

aacgcaaaat

agtgtccatg

gtcgcagaag

ccgaaaatcg

gatctgggcg

attacggcag

tegegeatee

ggtcegcaatyg

atccacaatt

gegtgataac

cctegteaag

ggctggatat

accgtgtega

tggcaaaagt

tegtggttgt

cggaaatcga

gcgaaagete

cgctggaaat

aggacctgga

tgatggcacc

tccecgaacct

aacgtgegtyg

cacactcgaa

ccegteegtt

gcaccaatta

gtaacacgcyg

tcgatgcaga

ttegtgtect

tgacaattaa

aggagactcc

accaccatga

cgctgteteg

acggcattgt

cgtcactgat

atctggttag

tgaatctggyg

cgtgcgaceyg

atgacccgeg

cggacctggt

catcgeeggt

tggcctacgt

tcttecagge

caggtacceg

ccaggagact

tgcaagttce

tcgtagegty

agcactggtyg

tetgetggtt

cgatcegtea

atttggcege

tcgcaccgaa

tgttatcgeca

agaagctgaa

gaaaaccgte

gaatctgacyg

cgtggatacc

gggtatgatc

ccgtgtgaac

cctgagcegaa

tctggtcace

agcaccggac

gggtceggge

tcatcggete

catggcceeg

cceggatege

tgcacaccge

getgcataaa

cgtgcatcetyg

ctctgtegaa

ctcegaaggt

ttggaacgtt

tgatceggee

taaaaccctyg

gCngtggtt

tgatgacgca

accggatceeg

tggtgcetgee

cgaatgtcaa

agtgccetett

ggtgaagcac

getgatgace

gtgggtaaac

aaacatggtyg

ttcgttgaaa

aaatggtccg

getgeggece

atcctgtteg

ggtgacgcag

gaactgcgeg

acgacccatt

ctgtgtgtga

gcaggtgcta

ctgaaaacgg

gtgggecgeg

ggththCg

ggtacggtgc

tataatgtgt

aatgcccegt

ctgttcatceg

ctggatcege

ggttctetge

agtgcgteca

gaatccctge

gaacgtcacc

cegetgetygy

ctggtggcgc

tacgtgggtt

gtegtgggeg

ctgcgtggeyg

ggtgcaatgg

cgtgcteegy

gtteceegte

caagtccgte

gtgcagcaat

cggcacacct

aaattccgga

tgacceccgge

ttatcgatge

tgctgetgtt

gtgccagtgg

gegttetgga

ctgaactgaa

tggttgaaac

ttggcgaaga

gtgaaacgca

tccactecta

gctctaaact

ttaaaatcga

tgaacctgat

tgaacagcac

1191

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040
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cgaactgaaa ccgggtgata ccgttcetggg ctacctgecg gtcgaagatce gecatgtggg 2100
ctatccgatc aacgaatttt gtctggaaaa ataataaccc gggagccgcc agttccgetg 2160
gcggcatttt aactttcecttt aatgaagccg gaaaaatcct aaattcattt aatatttatce 2220
tttttaccgt ttcgcttacce ccggtcgaac gtcaacttac gtcattttte cgcccaacag 2280
taatataatc aaacaaatta atcccgcaac ataacaccag taaaatcaat aattttctct 2340
aagtcactta ttcctcaggt aattgttaat atatccagaa tgttcctcaa aatatatttt 2400
ccetetatet tectegttgeg cttaatttga ctaattcectca ttagggatce tetagagtceg 2460
acctgcaggce atgcaagcett 2480
<210> SEQ ID NO 14
<211> LENGTH: 5109
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Nucleotide sequence of pUC57-EcGri
<400> SEQUENCE: 14
tegegegttt cggtgatgac ggtgaaaacce tctgacacat gcagctcceeyg gagacggtca 60
cagcttgtet gtaagcggat geccgggagca gacaagcceg tcagggcegeyg tcagegggtyg 120
ttggegggty tceggggetgg cttaactatg cggcatcaga gcagattgta ctgagagtge 180
accatatgceg gtgtgaaata ccgcacagat gegtaaggag aaaataccgce atcaggcgcece 240
attcgecatt caggctgege aactgttggg aagggcgate ggtgegggece tcttegetat 300
tacgccaget ggcgaaaggg ggatgtgetg caaggcgatt aagttgggta acgccagggt 360
tttcecagte acgacgttgt aaaacgacgg ccagtgaatt cgagctceggt accagatcte 420
cctgttgaca attaatcatc ggctctataa tgtgtggaat cgtgagcgga taacaattte 480
acacaaggag actcccatgg ccccgaatge ceegtttget cgtagectge gectgcaacyg 540
cctgcaccac catgacccgg atcgectgtt catcgtceeg ctggatcata gcattaccga 600
cggtecgetyg tetegtgcac accgectgga teegetggtt ggegaactgyg caagecatca 660
cgtcgacgge attgtgetge ataaaggtte tetgegtcac gtggatcegyg aatggtttac 720
ccgcacgtcea ctgategtge atctgagtge gtecacggtt cacgeccegyg atccgaacge 780
aaaatatctg gttagetetg tcgaagaatce cctgegtatyg ggegeggatyg ccegttagtgt 840
ccatgtgaat ctgggctccg aaggtgaacg tcaccagatt gcagatatgg cagcagtcge 900
agaagcgtge gaccgttgga acgttceeget getggcegatg atgtatcege gtggtcecgaa 960
aatcgatgac ccgcgtgatce cggccctggt ggcegcatgece gttcaagtceg ctgtggatcet 1020
gggcgcggac ctggttaaaa ccctgtacgt gggttcagtt gcagctatgg cagaaattac 1080
ggcagcatcg ccggtgecgg tggttgtegt gggcggtceg cgtgattcag acgaatcgceg 1140
catcctggece tacgttgatg acgcactgcg tggcggtgca getggtgttg ctatgggtceg 1200
caatgtcttc caggcaccgg atccgggtge aatggctgat aaactgagcg acctgatcca 1260
caattcaggt acccgtggtg ctgccegtge tcecggcectggt gecgecgcectg gtgetgegtg 1320
ataacccagg agactcgaat gtcaagttcce ccgtcaccgt caccgtcatce ttettecteg 1380
tcaagtgcaa gttccagtgce ctcttcaagt ccgtcaagtt caagtaaact gacctggcetg 1440
gatattcgta gcgtgggtga agcacgtgca gcaatcgttce aggaagccct gcatcaccgt 1500
gtecgaagcac tggtggctga tgacccggca cacctggcag atctgecgec gaccgtggea 1560
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aaagttctgce tggttgtggg taaacaaatt ccggaagaat ttggcgaagce gacggtcgtg 1620
gttgtcgatc cgtcaaaaca tggtgtgacc ccggcagaac tggctctgaa acacccggaa 1680
atcgaatttg geccgettegt tgaaattatce gatgcgecga cgctggaaga cgcctgcgaa 1740
agctctegeca ccgaaaaatg gtceccgtgetg ctgtttegtg atccgacgaa aattccgetg 1800
gaaattgtta tcgcagctgce ggcccgtgece agtggttcca tggtcaccat tgcacaggac 1860
ctggaagaag ctgaaatcct gttcggegtt ctggaacacg gcagcgatgg tgttatgatg 1920
gcaccgaaaa ccgteggtga cgcagcetgaa ctgaaacgca ttgcggaage cggcatcccg 1980
aacctgaatc tgacggaact gcgcgtggtt gaaacctcectce atattggcat gggtgaacgt 2040
gcgtgegtgg ataccacgac ccattttgge gaagacgaag gtattctggt cggctcacac 2100
tcgaagggta tgatcctgtg tgtgagtgaa acgcatccge tgccgtatat gecgaccegt 2160
ccgtteegtg tgaacgcagg tgctatccac tcectatacge tgggccgtga tgaacgcacce 2220
aattacctga gcgaactgaa aacgggctct aaactgaccg ccgtcgacat taagggtaac 2280
acgcgtetgg tcaccgtggg ccgcgttaaa atcgaaaccce gtccgcectgat ttcaatcgat 2340
gcagaagcac cggacggtcg tcgcgtgaac ctgattctge aagatgactg gcatgttegt 2400
gtcetgggte cgggcggtac ggtgctgaac agcaccgaac tgaaaccggg tgataccgtt 2460
ctgggctacce tgccggtcga agatcgccat gtgggctatce cgatcaacga attttgtcetg 2520
gaaaaataat aacccgggag ccgccagttce cgctggcgge attttaactt tctttaatga 2580
agccggaaaa atcctaaatt catttaatat ttatcttttt accgtttcge ttacccecggt 2640
cgaacgtcaa cttacgtcat ttttccgcce aacagtaata taatcaaaca aattaatccc 2700
gcaacataac accagtaaaa tcaataattt tctctaagtc acttattcct caggtaattg 2760
ttaatatatc cagaatgttc ctcaaaatat attttcecctce tatcttcteg ttgcgcttaa 2820
tttgactaat tctcattagg gatcctctag agtcgacctg caggcatgca agcttggegt 2880
aatcatggtc atagctgttt cctgtgtgaa attgttatcc gctcacaatt ccacacaaca 2940
tacgagccgg aagcataaag tgtaaagcct ggggtgcecta atgagtgagce taactcacat 3000
taattgcegtt gecgctcactg cccgetttcee agtecgggaaa cctgtegtge cagcectgcatt 3060
aatgaatcgg ccaacgcgceg gggagaggcg gtttgcgtat tgggcgctcet tecgettect 3120
cgctcactga ctcgectgege teggtegtte ggetgcggeg agcggtatca gcetcactcaa 3180
aggcggtaat acggttatcc acagaatcag gggataacgce aggaaagaac atgtgagcaa 3240
aaggccagca aaaggccagg aaccgtaaaa aggccgcegtt gectggegttt tteccataggce 3300
tcegecccee tgacgagcat cacaaaaatc gacgctcaag tcagaggtgyg cgaaacccga 3360
caggactata aagataccag gcgtttccce ctggaagcectce cctegtgcecge tetectgtte 3420
cgacccectgece gettaccgga tacctgtcecceg cctttetece ttcecgggaage gtggegettt 3480
ctcatagctc acgctgtagg tatctcagtt cggtgtaggt cgttcgctece aagctgggcet 3540
gtgtgcacga acccccegtt cagcccgacce gectgecgectt atccggtaac tatcgtettg 3600
agtccaaccce ggtaagacac gacttatcgce cactggcagce agccactggt aacaggatta 3660
gcagagcgag gtatgtaggce ggtgctacag agttcttgaa gtggtggect aactacggcet 3720
acactagaag aacagtattt ggtatctgcg ctctgctgaa gccagttacce ttcggaaaaa 3780
gagttggtag ctcttgatce ggcaaacaaa ccaccgctgg tageggtggt ttttttgttt 3840
gcaagcagca gattacgcgce agaaaaaaag gatctcaaga agatcctttg atcttttceta 3900
cggggtcetga cgctcagtgg aacgaaaact cacgttaagg gattttggtce atgagattat 3960
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caaaaaggat cttcacctag atccttttaa attaaaaatg aagttttaaa tcaatctaaa 4020
gtatatatga gtaaacttgg tctgacagtt accaatgctt aatcagtgag gcacctatct 4080
cagcgatctg tctatttegt tcatccatag ttgecctgact cecccecgtcecgtg tagataacta 4140
cgatacggga gggcttacca tcectggcccca gtgctgcaat gataccgcga gacccacgct 4200
caccggcetee agatttatca gcaataaacc agecagecegg aagggccgag cgcagaagtg 4260
gtcctgcaac tttatccgce tccatccagt ctattaattg ttgccgggaa gctagagtaa 4320
gtagttcgec agttaatagt ttgcgcaacg ttgttgccat tgctacaggc atcgtggtgt 4380
cacgctegte gtttggtatg gettcattca gctecggtte ccaacgatca aggcgagtta 4440
catgatcccce catgttgtgce aaaaaagcgg ttagctcectt cggtcecctceeg atcgttgtca 4500
gaagtaagtt ggccgcagtg ttatcactca tggttatggc agcactgcat aattctcetta 4560
ctgtcatgcce atccgtaaga tgcttttcectg tgactggtga gtactcaacc aagtcattct 4620
gagaatagtg tatgcggcga ccgagttgcet cttgcccgge gtcaatacgg gataataccyg 4680
cgccacatag cagaacttta aaagtgctca tcattggaaa acgttctteg gggcgaaaac 4740
tctcaaggat cttaccgetg ttgagatcca gttcgatgta acccactcgt gcacccaact 4800
gatcttcage atcttttact ttcaccagcg tttctgggtg agcaaaaaca ggaaggcaaa 4860
atgccgcaaa aaagggaata agggcgacac ggaaatgttg aatactcata ctcttecttt 4920
ttcaatatta ttgaagcatt tatcagggtt attgtctcat gagcggatac atatttgaat 4980
gtatttagaa aaataaacaa ataggggttc cgcgcacatt tccccgaaaa gtgccacctg 5040
acgtctaaga aaccattatt atcatgacat taacctataa aaataggcgt atcacgaggc 5100
cctttegte 5109

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 15
H: 39
DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer 1 for amplifying a polynucleotide of

EcGri

<400> SEQUE:

NCE: 15

cacaaggaga ctcccatgge cccgaatgec cegtttget

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 16
H: 45
DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer 2 for amplifying a polynucleotide of

EcGri

<400> SEQUE:

NCE: 16

gaactggegg ctecegggtt attattttte cagacaaaat tegtt

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 17
H: 5411
DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Nucleotide sequence of pSTV28-EcGri

<400> SEQUE:

NCE: 17

cgtatggcaa tgaaagacgg tgagetggtg atatgggata gtgttcacce ttgttacacce

39

45

60
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gttttccatyg agcaaactga aacgttttca tcgctctgga gtgaatacca cgacgattte 120
cggcagttte tacacatata ttcgcaagat gtggegtgtt acggtgaaaa cctggectat 180
ttccctaaag ggtttattga gaatatgttt ttegtctcag ccaatccctg ggtgagttte 240
accagttttg atttaaacgt ggccaatatg gacaacttct tcegecccegt tttcaccatg 300
ggcaaatatt atacgcaagg cgacaaggtg ctgatgccge tggcgattca ggttcatcat 360
geegtttgtyg atggcttcca tgtcggcaga atgcttaatyg aattacaaca gtactgcgat 420
gagtggcagyg gcggggcgta atttttttaa ggcagttatt ggtgccctta aacgecctggt 480
gctacgecty aataagtgat aataagcgga tgaatggcag aaattcgaaa gcaaattcga 540
ceceggtegte ggttcaggge agggtcegtta aatagccget tatgtctatt getggtttac 600
cggtttattyg actaccggaa gcagtgtgac cgtgtgctte tcaaatgect gaggecagtt 660
tgctcagget ctcccegtgg aggtaataat tgacgatatg atcatttatt ctgectccca 720
gagectgata aaaacggtta gcgettegtt aatacagatg taggtgttcc acagggtagce 780
cagcagcatce ctgcgatgca gatccggaac ataatggtge agggcgettyg ttteggegtg 840
ggtatggtgyg caggccccegt ggccggggga ctgttgggeg ctgccggeac ctgtectacy 900
agttgcatga taaagaagac agtcataagt gcggcgacga tagtcatgec ccgegeccac 960
cggaaggagce taccggacag cggtgcggac tgttgtaact cagaataaga aatgaggccg 1020
ctcatggcgt tccaatacgc aaaccgcectce tcceccgegeg ttggccgatt cattaatgcea 1080
gctggcacga caggtttcce gactggaaag cgggcagtga gcgcaacgca attaatgtga 1140
gttagctcac tcattaggca ccccaggctt tacactttat gettceccecgget cgtatgttgt 1200
gtggaattgt gagcggataa caatttcaca caggaaacag ctatgaccat gattacgaat 1260
tcgagectegg taccagatct ccctgttgac aattaatcat cggctctata atgtgtggaa 1320
tcgtgagegg ataacaattt cacacaagga gactcccatg geccccgaatg cccecgtttge 1380
tcgtagectg cgcectgcaac gectgcacca ccatgacccg gatcgectgt tcecatcegtece 1440
gctggatcat agcattaccg acggtcceget gtctegtgca caccgectgg atccgcectggt 1500
tggcgaactg gcaagccatc acgtcgacgg cattgtgetg cataaaggtt ctcectgcgtca 1560
cgtggatcecg gaatggttta cccgcacgte actgatcecgtg catctgagtg cgtccacggt 1620
tcacgcceccecg gatccgaacyg caaaatatct ggttagetcect gtcgaagaat ccctgcgtat 1680
gggcgcggat gccgttagtg tccatgtgaa tcectgggctec gaaggtgaac gtcaccagat 1740
tgcagatatg gcagcagtcg cagaagcgtg cgaccgttgg aacgttccge tgctggcgat 1800
gatgtatccg cgtggtccga aaatcgatga cccgecgtgat ccggcecctgg tggcgcatge 1860
cgttcaagtc gectgtggatce tgggcgcgga cctggttaaa accctgtacg tgggttcagt 1920
tgcagctatg gcagaaatta cggcagcatc gcecggtgecg gtggttgteg tgggceggtcece 1980
gcgtgattca gacgaatcge gcatcctgge ctacgttgat gacgcactgce gtggcggtge 2040
agctggtgtt gectatgggtce gcaatgtctt ccaggcaccg gatccgggtg caatggctga 2100
taaactgagc gacctgatcc acaattcagg tacccgtggt getgcccgtg ctececggetgg 2160
tgccgeeget ggtgectgegt gataacccat gtcaagttcecce cecgtcaccgt caccgtcatce 2220
ttecttecteg tcaagtgcaa gttccagtge ctcettcaagt ccgtcaagtt caagtaaact 2280
gacctggetg gatattcgta gcgtgggtga agcacgtgca gcaatcgttc aggaagccect 2340
gcatcaccgt gtcgaagcac tggtggctga tgacccggca cacctggcag atctgcecgece 2400
gaccgtggca aaagttctge tggttgtggg taaacaaatt ccggaagaat ttggcgaagce 2460
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gacggtcgtyg gttgtcgate cgtcaaaaca tggtgtgacc ccggcagaac tggctctgaa 2520
acacccggaa atcgaatttg gecgettcegt tgaaattatc gatgcgccga cgctggaaga 2580
cgecctgegaa agctcectcegceca ccgaaaaatg gtcegtgetg ctgtttegtg atccgacgaa 2640
aattccgetg gaaattgtta tcegcagectge ggeccgtgece agtggttceca tggtcaccat 2700
tgcacaggac ctggaagaag ctgaaatcct gttecggegtt ctggaacacg gcagcgatgg 2760
tgttatgatg gcaccgaaaa ccgtcggtga cgcagctgaa ctgaaacgca ttgcggaagc 2820
cggcatccecg aacctgaatce tgacggaact gcgegtggtt gaaacctcte atattggcat 2880
gggtgaacgt gcgtgcgtgg ataccacgac ccattttggce gaagacgaag gtattctggt 2940
cggctcacac tcgaagggta tgatcctgtg tgtgagtgaa acgcatccge tgccgtatat 3000
gccgaccegt cegtteegtg tgaacgcagg tgctatccac tectatacgce tgggccgtga 3060
tgaacgcacc aattacctga gcgaactgaa aacgggctct aaactgaccg ccgtcgacat 3120
taagggtaac acgcgtctgg tcaccgtggg ccgcgttaaa atcgaaacce gtccgctgat 3180
ttcaatcgat gcagaagcac cggacggtcg tcgcgtgaac ctgattctge aagatgactg 3240
gcatgttegt gtectgggte cgggcggtac ggtgctgaac agcaccgaac tgaaaccggg 3300
tgataccgtt ctgggctacc tgccggtcga agatcgcecat gtgggctatce cgatcaacga 3360
attttgtctg gaaaaataat aacccgggag ccgccagttce cgctggcgge attttaactt 3420
tctttaatga agccggaaaa atcctaaatt catttaatat ttatcttttt accgtttegce 3480
ttaccceggt cgaacgtcaa cttacgtcat ttttccgecce aacagtaata taatcaaaca 3540
aattaatccc gcaacataac accagtaaaa tcaataattt tctctaagtce acttattcct 3600
caggtaattg ttaatatatc cagaatgttc ctcaaaatat attttcccte tatcttcecteg 3660
ttgcgcttaa tttgactaat tcetcattagg gatcctctag agtcgacctg caggcatgca 3720
agcttggcac tggccgtegt tttacaacgt cgtgactggg aaaaccctgg cgttacccaa 3780
cttaatcgcce ttgcagcaca tcccecttte gccagcectgge gtaatagcga agaggcccgce 3840
accgatcgece cttceccaaca gttgcgcage ctgaatggcg aatgagctta tcgatgataa 3900
gctgtcaaac atgagaatta caacttatat cgtatggggc tgacttcagg tgctacattt 3960
gaagagataa attgcactga aatctagaaa tattttatct gattaataag atgatcttct 4020
tgagatcgtt ttggtctgcg cgtaatctct tgctctgaaa acgaaaaaac cgccttgcag 4080
ggcggttttt cgaaggttct ctgagctacc aactctttga accgaggtaa ctggcttgga 4140
ggagcgcagt caccaaaact tgtcctttca gtttagcectt aaccggcgca tgacttcaag 4200
actaactcct ctaaatcaat taccagtggc tgctgccagt ggtgcttttg catgtcecttte 4260
cgggttggac tcaagacgat agttaccgga taaggcgcag cggteggact gaacgggggyg 4320
ttcgtgcata cagtccaget tggagcgaac tgcctacccg gaactgagtg tcaggcegtgg 4380
aatgagacaa acgcggccat aacagcggaa tgacaccggt aaaccgaaag gcaggaacag 4440
gagagcgcac gagggagccg ccaggggaaa cgcctggtat ctttatagtce ctgtegggtt 4500
tcgccaccac tgatttgage gtcagatttce gtgatgettg tcaggggggce ggagcectatg 4560
gaaaaacggc tttgccgcgg ccctcetcact teccctgttaa gtatcttect ggcatcttece 4620
aggaaatctc cgccccgtte gtaagccatt tcecgectegece gcagtcgaac gaccgagegt 4680
agcgagtcag tgagcgagga agcggaatat atcctgtatc acatattctg ctgacgcacc 4740
ggtgcagecct tttttctcecct gccacatgaa gcacttcact gacaccctca tcagtgccaa 4800
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catagtaagc cagtatacac tccgctagcg ctgatgtecg geggtgcettt tgccgttacg 4860
caccaccceg tcagtagetg aacaggaggg acagctgata gaaacagaag ccactggage 4920
acctcaaaaa caccatcata cactaaatca gtaagttggc agcatcaccc gacgcacttt 4980
gcgecgaata aatacctgtg acggaagatc acttcgcaga ataaataaat cctggtgtcece 5040
ctgttgatac cgggaagccc tgggccaact tttggcgaaa atgagacgtt gatcggcacg 5100
taagaggttc caactttcac cataatgaaa taagatcact accgggcgta ttttttgagt 5160
tatcgagatt ttcaggagct aaggaagcta aaatggagaa aaaaatcact ggatatacca 5220
ccgttgatat atcccaatgg catcgtaaag aacattttga ggcatttcag tcagttgcetce 5280
aatgtaccta taaccagacc gttcagctgg atattacggce ctttttaaag accgtaaaga 5340
aaaataagca caagttttat ccggccttta ttcacattct tgcccgectg atgaatgcetce 5400
atccggaatt t 5411

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 18
H: 284
PRT

<213> ORGANISM: Streptomyces murayamaensis

<400> SEQUENCE: 18

Met Leu Thr
1

Arg His Gly
Thr Asp Gly
35

Gln Leu Ala
50

Leu Arg Tyr
65

His Leu Ser

Leu Val Ala

Ser Val His
115

Asp Leu Ala
130

Leu Ala Met
145

Pro Ala Leu

Asp Ile Val

Ile Thr Ser
195

Glu Pro Asp
210

Gly Gly Ala
225

Asp Pro Gly

Val Arg Arg

His Ser Phe Ala Arg

Gly Glu Arg Leu Leu

20

Pro Val Thr Gly Gly

Val Asn Gly Val Asp

55

Val Asp Ser Ala Arg

70

Ala Ser Thr Val His

85

Ser Val Glu Glu Cys

100

Val Asn Leu Gly Ser

120

Ala Val Gly Asp Ala

135

Met Tyr Pro Arg Gly
150

Ile Ala His Ala Ala

165

Lys Thr Val Cys Ala

180

Ala Ser Pro Val Pro

200

Glu Lys Arg Val Leu

215

Ser Gly Val Ala Met
230

Ala Met Ala Ala Lys

245

Glu Val Pro Thr Asp

Lys

Ile

25

Asn

Ala

Phe

Ala

Leu

105

Ala

Cys

Pro

Ser

Glu

185

Leu

Ala

Gly

Val

His

Leu

10

Val

Arg

Val

Ala

Pro

90

Arg

Gln

Asp

Lys

Leu

170

Thr

Val

Tyr

Arg

Ser
250

Val

Arg

Pro

Leu

Val

Arg

75

Asp

Leu

Glu

Arg

Ile

155

Ala

Ile

Val

Val

Asn
235

Arg

Pro

Leu Arg Arg

Leu Asp His
30

Asp His Leu

Leu His Lys
60

Thr Ser Leu

Pro Asp Glu

Gly Ala Asp
110

Arg Gln Gln
125

Trp Asn Val
140

Thr Asn Pro

Ala Asp Leu

Gly Glu Met
190

Val Gly Gly
205

Asp Glu Ala
220
Val Phe Leu

Leu Ile His

Ala Pro Asn

Leu His
15

Ser Ile

Val Gly

Gly Ser

Ile Val
80

Lys Tyr
95

Ala Val

Ile Ala

Pro Leu

Arg Asp
160

Gly Ala
175

Arg Asp

Pro Arg

Leu Arg

Ala Pro
240

Pro Ala
255

Ala Pro
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260 265 270
Ala Asp Asp Arg Thr Ala Pro Leu Thr Thr Val Ser
275 280
<210> SEQ ID NO 19
<211> LENGTH: 855
<212> TYPE: DNA
<213> ORGANISM: Streptomyces murayamaensis
<400> SEQUENCE: 19
atgttgacce attccttege ccggaagetg cggetgegge ggetgcacceyg ccacggegge 60
gageggcetge tgatcgtgee gctcegaccac tcgatcacceyg acggaccggt gaccggegge 120
aaccggceteg accatctggt ggggcagetce gecgtcaacyg gegtggacge cgtggtgetg 180
cacaagggca gcctgegeta tgtcgacteg geccggtteg ceegtacgte getgategtg 240
catctgageg ccagcaccgt gcacgecccece gacccggacyg agaagtacct ggtcegecage 300
gtegaggagt gectgegget gggegeggac geggtcageg tgcacgtcaa ccteggttec 360
geecaggage gcecagcagat cgcggacctg geggeggteg gegacgectg cgaccgetgg 420
aacgttccege tgctegecat gatgtatceg cgeggtccga agatcaccaa cccccgtgac 480
ceggegetga tegeccacge ggectegete gecgecgace tgggegcecga catcgtcaag 540
accgtetgeg ccgagaccat cggcgagatg cgggacatca ccagegecte cccegteccg 600
ctegtegtgg teggeggece ccgcgagece gacgagaage gegtgctege ctacgtggac 660
gaggcgcetge geggeggege gtceggtgte gegatgggee geaacgtett cetegegecg 720
gaccceggeyg ccatggccge caaggtgtcece cgectgatce accccgecgt acggcgcegag 780
gtgccgaceyg accatgtgece ggcgeccaac gcaccegecg atgaccgcac cgecccgttg 840
accaccgtcet cttaa 855

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 20
H: 367
PRT

<213> ORGANISM: Streptomyces murayamaensis

<400> SEQUENCE: 20

Met Lys Ile
1

Ala Ile Leu
Glu Asp Pro
35

Leu Leu Pro
50

Val Ile Val
65

Leu Lys Tyr

Ala Pro Thr

Ser Val Leu

115

Ile Ala Ala
130

Asp Val Glu

Ser Trp Leu Asp Ala

Gln Glu Ala Leu His

20

Ala Asp Phe Ala Asp

Arg Lys Glu Leu Pro

55

Asp Pro Thr Val His

70

Pro Asp Ile Glu Phe

85

Leu Glu Asp Ala Cys

100

Leu Phe Arg Asp Pro

120

Ala Ala Arg Ala Lys

135

Glu Ala Glu Ile Ile

Arg

Tyr

25

Leu

Ala

Gly

Gly

Glu

105

Thr

Gly

Phe

Ser

10

Arg

Pro

Glu

Val

Arg

90

Ser

Lys

Ser

Gly

Leu

Leu

Pro

Phe

Thr

75

Phe

Ala

Ile

Met

Val

Gly Asp Ala
Glu Gly Ile
30

Thr Leu Thr
45

Gly Asp Ala
60

Pro Ala Glu

Val Glu Ile

Arg Thr Glu

110

Pro Leu Glu
125

Ile Thr Val
140

Leu Glu His

Lys Glu

15

Val Ala

Lys Val

Ser Val

Leu Ala
80

Ile Asp

95

Lys Trp

Ile Val

Ala Lys

Gly Ser
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145

Asp Gly Val

Lys Ala Ala

Thr Val Glu

195

Asp Thr Cys
210

His Ser Lys
225

Tyr Met Pro

Tyr Thr Leu

Ala Gly Ser

275

Val Thr Val
290

Asp Ala Val
305

Asp Trp His

Thr Glu Leu

Asp Arg His
355

<210> SEQ I
<211> LENGT.
<212> TYPE:

150

Met Met Ala Pro Ala

165

Ala Thr Ala Asp Val

180

Lys Thr Glu His Ile

200

Thr Tyr Phe Arg Glu

215

Gly Met Val Leu Cys
230

Thr Arg Pro Phe Arg

245

Ser Lys Asp Glu Arg

260

Lys Val Leu Ala Val

280

Gly Arg Val Lys Ile

295

Ala Pro Asn Gly Gln
310

Val Arg Val Leu Gly

325

Lys Pro Gly Asp Thr

340

Val Gly Tyr Pro Ile

D NO 21
H: 1104
DNA

360

155

Ala Val Gly
170

Pro Asp Leu
185

Gly Met Gly

Asp Glu Gly

Val Ser Glu

235

Val Asn Ala
250

Thr Asn Tyr
265

Asp Ile Lys

Glu Ser Arg

Arg Val Asn

315

Pro Gly Gly
330

Val Leu Gly
345

Asp Glu Phe

<213> ORGANISM: Streptomyces murayamaensis

<400> SEQUENCE: 21

atgaagatca

gaggccctge

ctgeegecga

gacgcctecyg

ctgaagtacc

gaggacgect

accaagatcc

acggtggeca

gacggcgtga

accgecgacy

ggcatgggeg

ctggtegget

tacatgccga

aaggacgagc

gacatcaagg

getggetega

actaccgect

ccctcaccaa

tggtcategt

cggacatcga

gecgagtcgge

cgctggagat

aggacgtgga

tgatggegec

tgccecgacct

agcgegectyg

cgcactccaa

cceggecgtt

ggaccaacta

ggcagacgcg

cgeceegtteg

ggaaggcatc

ggtgctgctg

ggaccegace

gtteggecge

gegecaccgag

cgtgategeg

dgaggecgag

ggeggeggte

cgacctegte

cgtegacace

gggcatggtc

ccgggtcaac

ccteagegag

getggtcace

cteggegacy

gtegecgagg

cegegcaagyg

gtgcacggeg

ttcgtggaga

aagtggagcg

geggeegece

atcatctteg

dgcgacgcegy

gagctcaccyg

tgcacgtact

ctgtgegtea

gcgggegcega

ctgaaggcgg

gtecgggceggy

Asp Ala Ala
Asp Leu Val
190

Glu Arg Ala
205

Ile Leu Val
220

Thr His Pro

Gly Ala Ile

Leu Ser Glu

270

Gly Gln Thr
285

Pro Leu Ile
300

Leu Ile Leu

Val Val Leu

Phe Leu Pro

350

Cys Leu Glu
365

ccaaggaggce
accccgecga
agctgecege
tgacceccgge
tcatcgacge
tgctgetett
gegecaaggg
gegtectgga
ccaagctgaa
tcgagaagac
tcegegagga
gecgagacgca
tccactegta
gcagcaaggt

tcaagatcga

160

Lys Leu
175

Glu Leu

Cys Val

Gly Ser

Leu Pro
240

His Ser
255

Leu Lys

Arg Leu

Ser Ile

Gln Asp
320

Asn Ser
335

Ser Glu

Lys

catcctecag
cttegecgac
cgagttegge
cgaactcgee
geccacecett
cegegacecec
cagcatgatc
gcacggcteg
ggcegecgece
cgagcacatce
cgagggcatce
ccegetgecay
cacgctetee
getggeegte

gtceeggecg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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ctgatctega

gactggcacyg

ccgggggaca

gatgagttct

tcgacgeggt

tgcgggtgct

cegttetggy

gectggagaa

<210> SEQ ID NO 22
<211> LENGTH: 4937

<212> TYPE:

DNA

ggcgecgaac gggcageggg tgaatctgat tcttcaggac

cggeceeggyg ggtgtegtge tcaacagcac cgagetgaag

gttectgece agegaggace ggcatgtegg ttacccgatce

gtag

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Nucleotide sequence of pMW219-nhoA

<400> SEQUENCE: 22

aattcttgaa

ataatggttt

tgtttatttt

atgcttcaat

attccctttt

gtaaaagatg

agcggtaaga

cgatatgett

acaagatgga

ctgggcacaa

gegeceggtt

dgcagcegegy

tggcactgaa

gtcatctcac

gcatacgett

agcacgtact

ggggctcgeg

tctegtegty

ttetggatte

ggctaccegt

ttacggtatc

cttetgageg

gaactgagat

cegegegttyg

gcagtgageg

actttatget

gaaacagcta

gtcegtaacy

tcegegateg

actaagggaa

cgggagctgc

gacgaaaggg

cttagacgtce

tctaaataca

aatattgaaa

ttgcggeatt

ctgaagatca

tccttgagag

taatgcggta

ttgcacgcag

cagacaatcg

ctttttgtca

ctatcgtgge

dcgggaaggy

cttgctectyg

gatccggeta

cggatggaag

ccagccgaac

acccatggeg

atcgactgtyg

gatattgetyg

geegeteecey

ggactctggg

acctacageg

gecgatteat

caacgcaatt

tceggetegt

tgaccatgat

caataagtaa

cacaaaatag

acgcctgatg

tgcggtcaat

cctegtgata

aggtggcact

ttcaaatatg

aaggaagagt

ttgccttect

gttgggtgca

ttttegecee

gtgatcaaga

gttetecgge

getgetetga

agaccgacct

tggccacgac

actggetget

ccgagaaagt

cctgeccatt

ceggtettgt

tgttcgecag

atgcctgett

geeggetggg

aagagcttgg

attcgcageg

gtteggcaca

tgagctatga

taatgcagct

aatgtgagtt

atgttgtgtyg

tacgccaage

cgaaattaac

CngthggC

acgcccatte

attgatacge

cgectatttt

tttcggggaa

tatccgetea

atgagtattc

gtttttgete

cgagtgggtt

gaagaacgct

gacaggatga

CgCttgggtg

tgcecgeegty

gtceggtgee

gggegttect

attgggcgaa

atccatcatg

cgaccaccaa

cgatcaggat

gctcaaggeyg

gccgaatate

tgtggcggac

cggcgaatgg

catcgectte

cagcccaget

gaaagcgecce

ggcacgacag

agctcactca

gaattgtgag

ttgtgagcga

gggattggeg

gtctattcca

tgaatcacta

ttegtgeatt

tataggttaa

atgtgcgegg

tgagacaata

aacatttccg

acccagaaac

acatcgaact

catgtttgac

ggatcgttte

gagaggctat

ttceggetgt

ctgaatgaac

tgcgcagetyg

gtgcegggge

getgatgcaa

gcgaaacatce

gatctggacg

cgcatgeeceyg

atggtggaaa

cgctatcagyg

getgaceget

tatcgectte

tggagcgaac

aatacgcaaa

gtttcecgac

ttaggcacce

cggataacaa

agaaggtttt

atttgcgaac

ggttataagt

ttttgccegt

gcacctgaaa

tgtcatgata

aacccctatt

accctgataa

tgtcgeecett

getggtgaaa

ggatctcaac

agcttatcat

gcatgattga

tcggctatga

cagcgcaggg

tgcaggacga

tgctcgacgt

aggatctect

tgcggegget

gcatcgageg

aagagcatca

acggcgagga

atggcegett

acatagcgtt

tcctegtget

ttgacgagtt

gacctacacce

cecgectetee

tggaaagcgg

caggctttac

tttcacacag

tttaagcgta

gtgatgcatg

tgagaaaacc

attaactggt

cacaattgca

960

1020

1080

1104

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860
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ccattcegtt tgaaaacctc gacgttttge tgccgaggga aatacagctt gataatcaat 1920
cgccggaaga gaaactggtg atagcccgte gtggcggtta ctgttttgag cagaatggceg 1980
tgtttgagcg ggtgttacge gagctggggt ttaacgttceg cagcttgtta gggcgcegtag 2040
tgttatcaaa tccgccagca ttaccgeccge gcacccatceg tttgectgttg gtggaactgg 2100
aagaggaaaa atggattgct gatgtcggtt tcggtgggca gacgctaacc gegccgatte 2160
gtttagtttc cgatctcgtg cagaccacgc cacacggaga dgtatcggttg ttgcaggagg 2220
gtgatgattg ggtgttgcag tttaatcatc atcagcattg gcagtcgatg taccgttttg 2280
atctctgcga gcagcaacaa agcgattatg tgatgggcaa tttcectggteg gegcactggce 2340
cgcagtecgca ttttegccat catttgctga tgtgccgeca tttgccggac ggcggcaagce 2400
tgacactgac caattttcat tttacccatt atgaaaatgg gcacgcggtg gagcagcgaa 2460
atctaccgga tgtggcgtca ttatatgctg tgatgcaaga acagtttggt ctgggcegtgg 2520
atgatgcgaa acatggcttt accgtggatg agttagcget ggtgatggceg gegtttgata 2580
cgcacccegga ggcgggaaaa taatttatgt caggttgcecg gatgcggcgt aaacgcctta 2640
tceggcatac agaattcact ggccgtegtt ttacaacgtce gtgactggga aaaccctggce 2700
gttacccaac ttaatcgcct tgcagcacat cccccttteg ccagectggceg taatagcgaa 2760
gaggcccgceca ccgatcgece tteccaacag ttgcgcagec tgaatggcga atggcgctat 2820
ttctteccaga attgccatga ttttttecce acgggaggcg tcactggcte cegtgttgte 2880
ggcagctttyg attcgataag cagcatcgece tgtttcagge tgtctatgtg tgactgttga 2940
gctgtaacaa gttgtctcag gtgttcaatt tcatgttcta gttgetttgt tttactggtt 3000
tcacctgttc tattaggtgt tacatgctgt tcatctgtta cattgtcgat ctgttcatgg 3060
tgaacagctt tgaatgcacc aaaaactcgt aaaagctctg atgtatctat cttttttaca 3120
ccgttttecat ctgtgcatat ggacagtttt ccctttgata tgtaacggtg aacagttgtt 3180
ctacttttgt ttgttagtct tgatgcttca ctgatagata caagagccat aagaacctca 3240
gatcctteeg tatttagcca gtatgttecte tagtgtggtt cgttgttttt gcgtgageca 3300
tgagaacgaa ccattgagat catgcttact ttgcatgtca ctcaaaaatt ttgcctcaaa 3360
actggtgagc tgaatttttg cagttaaagc atcgtgtagt gtttttctta gtccgttatg 3420
taggtaggaa tctgatgtaa tggttgttgg tattttgtca ccattcattt ttatctggtt 3480
gttctcaagt tcggttacga gatccatttg tctatctagt tcaacttgga aaatcaacgt 3540
atcagtceggg cggcctceget tatcaaccac caatttcata ttgctgtaag tgtttaaatc 3600
tttacttatt ggtttcaaaa cccattggtt aagcctttta aactcatggt agttattttce 3660
aagcattaac atgaacttaa attcatcaag gctaatctct atatttgcct tgtgagtttt 3720
cttttgtgtt agttctttta ataaccactc ataaatcctc atagagtatt tgttttcaaa 3780
agacttaaca tgttccagat tatattttat gaattttttt aactggaaaa gataaggcaa 3840
tatctcttca ctaaaaacta attctaattt ttcgcttgag aacttggcat agtttgtcca 3900
ctggaaaatc tcaaagcctt taaccaaagg attcctgatt tccacagttce tegtcatcag 3960
ctctectggtt getttageta atacaccata agcattttece ctactgatgt tcatcatctg 4020
agcgtattgg ttataagtga acgataccgt ccgttctttce cttgtagggt tttcaatcgt 4080
ggggttgagt agtgccacac agcataaaat tagcttggtt tcatgctccg ttaagtcata 4140
gcgactaatc gctagttcat ttgctttgaa aacaactaat tcagacatac atctcaattg 4200



69

US 9,447,443 B2

70

-continued
gtctaggtga ttttaatcac tataccaatt gagatgggct agtcaatgat aattactagt 4260
ccttttectt tgagttgtgg gtatctgtaa attctgctag acctttgctg gaaaacttgt 4320
aaattctgct agaccctetg taaattccge tagacctttg tgtgtttttt ttgtttatat 4380
tcaagtggtt ataatttata gaataaagaa agaataaaaa aagataaaaa gaatagatcc 4440
cagccctgtg tataactcac tactttagtce agttccgcag tattacaaaa ggatgtcgca 4500
aacgctgttt gectcectctac aaaacagacc ttaaaaccct aaaggcttaa gtagcaccct 4560
cgcaagctcg ggcaaatcge tgaatattce ttttgtcetecce gaccatcagg cacctgagtce 4620
gctgtetttt tegtgacatt cagttcgetg cgctcacgge tetggcagtg aatgggggta 4680
aatggcacta caggcgcctt ttatggattc atgcaaggaa actacccata atacaagaaa 4740
agcccgtcecac gggcttcecteca gggcecgtttta tggegggtet getatgtggt getatctgac 4800
tttttgetgt tectgcagtte ctgccctcectg attttceccagt ctgaccactt cggattatce 4860
cgtgacaggt cattcagact ggctaatgca cccagtaagg cagcggtatc atcaacaggc 4920
ttaccegtet tactgtce 4937
<210> SEQ ID NO 23
<211> LENGTH: 7693
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Nucleotide sequence of pVC7-nhoA
<400> SEQUENCE: 23
agcttgtcta cgtctgatge tttgaatcgg acggacttge cgatcttgta tgcggtgatt 60
tttcectegt ttgcccactt tttaatggtg gecggggtga gagectacgeyg ggcggegace 120
tgctgegetyg tgatccaata ttceggggteg ttcactggtt ccectttetyg atttetggea 180
tagaagaacc cccgtgaact gtgtggttcee gggggttget gattttgtte ggaggactte 240
tcgegeaatt ccctagetta ggtgaaaaca ccatgaaaca ctagggaaac acccatgaaa 300
cacccattag ggcagtaggg cggcttette gtectaggget tgcatttggyg cggtgatctg 360
gtetttageyg tgtgaaagtg tgtcgtaggt ggcegtgetca atgcactcga acgtcacgte 420
atttaccggg tcacggtggg caaagagaac tagtgggtta gacattgttt tcctegttgt 480
cggtggtggt gagettttet agccgetegg taaacgcegge gatcatgaac tcettggaggt 540
tttcaccgtt ctgcatgecct gegcegettca tgtectcacyg tagtgccaaa ggaacgegtyg 600
cggtgaccac gacgggctta gectttgect gegettcetag tgcttegatyg gtggettgtyg 660
cctgegettg ctgcgectgt agtgectgtt gagettettg tagttgcectgt tetagetgtg 720
cettggttge catgetttaa gactctagta getttectge gatatgtcat gegecatgegt 780
agcaaacatt gtcctgcaac tcattcatta tgtgcagtge tcectgttact agtcgtacat 840
actcatattt acctagtctg catgcagtgc atgcacatge agtcatgtceg tgctaatgtg 900
taaaacatgt acatgcagat tgctgggggt gcagggggeyg gacgacctgyg tccatgeggg 960
gtgtggggcet tgcgeggtac agacagtgag caccggggca cctagtegeg gatacccccce 1020
ctaggtatcg gacacgtaac cctcccatgt cgatgcaaat ctttaacatt gagtacgggt 1080
aagctggcac gcatagccaa gctaggegge caccaaacac cactaaaaat taatagttce 1140
ctagacaaga caaacccccg tgcgagetac caactcatat gcacggggge cacataacce 1200
gaaggggttt caattgacaa ccatagcact agctaagaca acgggcacaa cacccgcaca 1260
aactcgcact gcgcaacccce gcacaacatce gggtctaggt aacactgaaa tagaagtgaa 1320
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cacctctaag gaaccgcagg tcaatgaggg ttctaaggtc actcgecgcta gggcgtggeg 1380
taggcaaaac gtcatgtaca agatcaccaa tagtaaggct ctggcggggt gccataggtg 1440
gcgcagggac gaagctgttg cggtgtectg gtcecgtctaac ggtecgttege agtttgaggg 1500
tctgcaaaac tctcactcte getgggggte acctcectgget gaattggaag tcatgggcga 1560
acgccgcatt gagctggcta ttgctactaa gaatcacttg gecggecgggtg gegegctcat 1620
gatgtttgtg ggcactgttc gacacaaccg ctcacagtca tttgcgcagg ttgagagcetg 1680
ggtattaaga ctgcgtactc ttcgatggtg aaaacatctc agtggaagaa agaacgtgca 1740
cggtacgggg tggagcacac ctatagtgac tatgaggtca cagactcttg ggcgaacggt 1800
tggcacttgc accgcacatg ctgttgttct tggatcgtcce actgtctgac gatgaactca 1860
aggcgtttga ggattccatg ttttcecceget ggtetgetgg tgtggttaag gecggtatgg 1920
acgcgceccact gecgtgagcac ggggtcaaac ttgatcaggt gtctacctgg ggtggagacg 1980
ctgcgaaaat ggcaacctac ctcgctaagg gcatgtctca ggaactgact ggctccgceta 2040
ctaaaaccgc gtctaagggg tcegtacacgce cgtttcagat gttggatatg ttggccgatce 2100
aaagcgacgc cggcgaggat atggacgctg ttttggtgge teggtggcecgt gagtatgagg 2160
ttggttctaa aaacctgcegt tegtcecctggt cacgtgggge taagcgtget ttgggcattg 2220
attacataga cgctgatgta cgtcgtgaaa tggaagaaga actgtacaag ctcgccggtce 2280
tggaagcacc ggaacgggtc gaatcaaccc gcgttgetgt tgctttggtg aagcccgatg 2340
attggaaact gattcagtct gatttcgcgg ttaggcagta cgttctagat tgcgtggata 2400
aggctaagga cgtggccgcect gegcaacgtg tcgctaatga ggtgctggca agtctgggtg 2460
tggattccac cccgtgcatg atcgttatgg atgatgtgga cttggacgcg gttctgecta 2520
ctcatgggga cgctactaag cgtgatctga atgcggceggt gttcecgegggt aatgagcaga 2580
ctattcttcg cacccactaa aagcggcata aaccccgttce gatattttgt gcecgatgaatt 2640
tatggtcaat gtcgcggggg caaactatga tgggtcttgt tgttgacaat ggctgatttce 2700
atcaggaatg gaactgtcat gctgttatgt gcctggctcecce taatcaaagce tggggacaat 2760
gggttgccee gttgatctga tctagttegg attggegggg cttcactgta tctgggggty 2820
gcatcgtgaa tagattgcac accgtagtgg gcagtgtgca caccatagtg ggcatgagta 2880
atacctacgc gcggctggge tagggcttaa cgegecttttg cecgtgectgeg gggcatacgt 2940
tagcgcatac gettttttet gtgaaacctt tttgtgttgt tgtttegtgt tggtttectt 3000
tctgttggeg gggcaactta acgctgeggg ggtggttgtt gacgttaacg ggggtagttt 3060
ttattcccct agtggttttt cagtacgaca atcgagaaag acctgtttca gccagttegg 3120
gtcatgtteg tcggtatgge cacgtgcata gcgaccagtt ttcgagttca ctgggatttt 3180
tggtgcatcg aacaagatgt aggacaatgc ggtttctagg tctacttttt getttatgece 3240
gtacaagccc cgtgggtatt cagcgattga ttccaaggceg gcttcecccagt cctgttttgt 3300
gaaggactgg cttagttcta ggtctgtgtc tgggtagtac tgcttgtttg tgtaagcgece 3360
gttggtgcte attgatgatt cctttgaagt gtttggagtt cggctagtag tgcggcgtat 3420
ggtgctgett tttgctegtg atagctcegece ttggctatga ggtcggctag gtaggtttece 3480
ggggtgccta ggttgcgtag gtctagcaaa tcccggtatg tggectgtge gctgegetgg 3540
tggtgcatac agtcgttaag ctgggctttt acgtctgcga tgcggtggceg gttaggcatg 3600
ttggtgtgct tcettccaagt actcacggge gggttttgtg tatgcctgge gtgatgectte 3660
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tttgagetgt tggagttccg cttcggagtg cgggtagttc gtccgcgaac tgecttgtggt 3720
actcgtattt ctcttgttec tgggcgatca gatttgegtt gaattgcagg gcecggtgagtt 3780
cgtccacgeg tegttttget gegttggtca tggtggegtg ccatttgcegg ttgtggacgce 3840
ggggttcaag gttgcgcacg gctgcttegg ctaggttggt ggctgctttt ttcagtgcetce 3900
gggcttceceeg ttectegtee aacgagagca ccttttggtt tgttggecttce ggctagtttt 3960
tgcttecteeg ctttgatgag ttggtcaact tcecgtgttggg agaggtcgtt tttcacgatg 4020
cgtcgaatgt ggtcgttgtyg ggtgctgagt tggtgtgaga ggtagtgggg ttctgggatt 4080
tcggcgagtt ggtcgaggtt ggtgtagtge gggttgcegge ctggttggtt gggttcegetg 4140
gggaggtcga tgtatcecggt tgagtctccg gegtggttga agtgaattag gcgttggtag 4200
ccgtattect ggttggggag gtacgacaga atgaggaagt ttggtgcttce tectgcaatg 4260
agtcgtgegt gttcegtagtt cggtactggg tcgtgctegg ggagaatgtt cttttgggte 4320
atggcttecte tttcetgttge tetgtaagte cgtatgtggg catgggaaag ccccggcaac 4380
cctttgggte aaccggggct agatagtcge ttagaatgge ttctaggctg cgtcectegggg 4440
tgtgggcaag ctgtaagagg ttccaacttt caccataatg aaataagatc actaccgggc 4500
gtattttttg agttatcgag attttcagga gctaaggaag ctaaaatgga gaaaaaaatc 4560
actggatata ccaccgttga tatatcccaa tggcatcgta aagaacattt tgaggcattt 4620
cagtcagttg ctcaatgtac ctataaccag accgttcagc tggatattac ggccttttta 4680
aagaccgtaa agaaaaataa gcacaagttt tatccggect ttattcacat tettgcccecgce 4740
ctgatgaatg ctcatccgga atttcgtatg gcaatgaaag acggtgagct ggtgatatgg 4800
gatagtgttc acccttgtta caccgttttc catgagcaaa ctgaaacgtt ttcatcgcetce 4860
tggagtgaat accacgacga tttccggcag tttctacaca tatattcgca agatgtggceg 4920
tgttacggtg aaaacctggc ctatttccct aaagggttta ttgagaatat gtttttegtce 4980
tcagccaatc cctgggtgag tttcaccagt tttgatttaa acgtggccaa tatggacaac 5040
ttecttegece cecgttttecac catgggcaaa tattatacgce aaggcgacaa ggtgctgatg 5100
ccgctggega ttcaggttca tcatgccgte tgtgatgget tccatgtcgg cagaatgett 5160
aatgaattac aacagtactg cgatgagtgg cagggcgggg cgtaattttt ttaaggcagt 5220
tattggtgcce cttaaacgcc tggtgctacg cctgaataag tgataataag cggatgaatg 5280
gcagaaattc agcttggcce agtgccaage tccaatacge aaaccgectce teccegegeg 5340
ttggccgatt cattaatgca gctggcacga caggtttcecce gactggaaag cgggcagtga 5400
gcgcaacgca attaatgtga gttagctcac tcattaggca ccccaggcett tacactttat 5460
gcttecgget cgtatgttgt gtggaattgt gagcggataa caatttcaca caggaaacag 5520
ctatgaccat gattacgcca agcttgtgag cgaagaaggt ttttttaagce gtagtccgta 5580
acgcaataag taacgaaatt aacgggattg gcgatttgcg aacgtgatgc atgtccgecga 5640
tcgcacaaaa tagccggtgce ggcgtcectatt ccaggttata agttgagaaa accactaagg 5700
gaaacgccetg atgacgccca ttctgaatca ctattttgec cgtattaact ggtcegggage 5760
tgctgcggte aatattgata cgcttcegtge attgcacctg aaacacaatt gcaccattcce 5820
gtttgaaaac ctcgacgttt tgctgccgag ggaaatacag cttgataatc aatcgccgga 5880
agagaaactg gtgatagccc gtecgtggcgg ttactgtttt gagcagaatg gegtgtttga 5940
gcgggtgtta cgcgagetgg ggtttaacgt tcgcagettg ttagggcgceg tagtgttatce 6000
aaatccgcca gcattaccge cgcgcaccca tcegtttgetg ttggtggaac tggaagagga 6060
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aaaatggatt gctgatgtceg gtttcecggtgg gcagacgcta accgcgccga ttegtttagt 6120
ttccgatecte gtgcagacca cgccacacgg agagtatcgg ttgttgcagg agggtgatga 6180
ttgggtgttg cagtttaatc atcatcagca ttggcagtcg atgtaccgtt ttgatctcectg 6240
cgagcagcaa caaagcgatt atgtgatggg caatttctgg tcggcgcact ggccgcagtce 6300
gcattttege catcatttge tgatgtgccg ccatttgceg gacggcggca agctgacact 6360
gaccaatttt cattttaccc attatgaaaa tgggcacgcg gtggagcagc gaaatctacc 6420
ggatgtggceg tcattatatg ctgtgatgca agaacagttt ggtctgggcg tggatgatge 6480
gaaacatggc tttaccgtgg atgagttagce gectggtgatg geggegtttg atacgcaccce 6540
ggaggcggga aaataattta tgtcaggttg ccggatgcgg cgtaaacgcc ttatccggca 6600
tacagaattc actggccgtce gttttacaac gtcecgtgactg ggaaaaccct ggcgttacce 6660
aacttaatcg ccttgcagca catcccectt tcegeccagetg gegtaatage gaagaggcecce 6720
gcaccgateg ccctteccaa cagttgcegca gectgaatgg cgaatgaget tcettecgett 6780
cctegetecac tgactcecgetg cgecteggteg tteggctgeg gegageggta tcagctcact 6840
caaaggcggt aatacggtta tccacagaat caggggataa cgcaggaaag aacatgtgag 6900
caaaaggcca gcaaaaggcc aggaaccgta aaaaggccgce gttgctggeg tttttcecata 6960
ggcteccegeee cectgacgag catcacaaaa atcgacgcetce aagtcagagg tggcgaaacce 7020
cgacaggact ataaagatac caggcgtttc ccecctggaag ctccectegtg cgctctectg 7080
ttccgaccct gecgettace ggatacctgt ccgectttet cectteggga agegtggegce 7140
tttctcaatg ctcacgctgt aggtatctca gtteggtgta ggtcecgttcge tecaagetgg 7200
gctgtgtgeca cgaaccccce gttcageceg accgctgcge cttatccggt aactatcgte 7260
ttgagtccaa cccggtaaga cacgacttat cgccactgge agcagccact ggtaacagga 7320
ttagcagagc gaggtatgta ggcggtgcta cagagttcectt gaagtggtgg cctaactacg 7380
gctacactag aaggacagta tttggtatct gecgctcectget gaagccagtt accttcggaa 7440
aaagagttgg tagctcttga tccggcaaac aaaccaccgce tggtagcggt ggtttttttg 7500
tttgcaagca gcagattacg cgcagaaaaa aaggatctca agaagatcct ttgatctttt 7560
ctacggggtc tgacgctcag tggaactccg tcgaacggaa gatcacttcg cagaataaat 7620
aaatcctggt gtcectgttyg ataccgggaa gccctgggece aacttttgge gaaaatgaga 7680
cgttgatcgg cac 7693
We claim: 50 NhoA activity as compared to the same microorganism

1. A method for producing 3-acetylamino-4-hydroxyben-
zoic acid or a salt thereof, comprising:
a) culturing a microorganism so that 3-acetylamino-4-
hydroxybenzoic acid or a salt thereof is produced, and
b) collecting said 3-acetylamino-4-hydroxybenzoic acid
or salt thereof;
wherein the microorganism is transformed with a recom-
binant vector encoding a Gril protein, a GriH protein,
or Gril and GriH proteins, and has increased formation
of 3-amino-4-hydroxybenzoic acid from dihydroxyac-
etone phosphate and aspartate semialdehyde as com-
pared to the same microorganism that does not com-
prise said recombinant vector, and
wherein the microorganism is transformed with a recom-
binant vector encoding a N-hydroxyarylamine
O-acetyltransferase (NhoA) protein and has increased
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that does not comprise said recombinant vector, and
wherein said NhoA protein is selected from the group
consisting of:

(D a protein comprising the amino acid sequence of SEQ
ID NO: 2;

(II) a protein comprising the amino acid sequence of SEQ
ID NO: 2, but having no more than one to ten amino
acid substitutions, deletions, insertions or additions,
and wherein said protein has NhoA activity;

(IIT) a protein comprising an amino acid sequence having
95% or more sequence identity to the amino acid
sequence of SEQ ID NO:2 and having NhoA activity;
and

(IV) combinations thereof.

2. A method for producing 3-amino-4-hydroxybenzoic

acid, or a salt thereof, comprising:
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(1) producing the 3-acetylamino-4-hydroxybenzoic acid
or the salt thereof by the method according to claim 1;
and

(2) deacetylating the 3-acetylamino-4-hydroxybenzoic
acid or the salt thereof to form the 3-amino-4-hydroxy-
benzoic acid or the salt thereof.

3. A method for producing a polymer containing a
3-amino-4-hydroxybenzoic acid or a salt thereof as a com-
ponent, comprising:

(1" forming the 3-amino-4-hydroxybenzoic acid or the

salt thereof by the method according to claim 2; and

(2") polymerizing the 3-amino-4-hydroxybenzoic acid or
the salt thereof to obtain a polymer containing the
3-amino-4-hydroxybenzoic acid or the salt thereof as a
component.

4. The method according to claim 3, wherein the polymer

is a polybenzoxazole polymer.

5. The method according to claim 1, wherein the NhoA
protein is encoded by a DNA selected from the group
consisting of:

(1) a DNA comprising the nucleotide sequence of SEQ ID

NO: 3;

(i1) a DNA that hybridizes under stringent conditions with
the nucleotide sequence complementary to the nucleo-
tide sequence of SEQ ID NO:3 and encodes a protein
having NhoA activity;

(iii) a DNA comprising a nucleotide sequence having 95%
or more sequence identity to the nucleotide sequence of
SEQ ID NO:3 and encodes a protein having NhoA
activity; and

(iv) combinations thereof; and

wherein the stringent conditions include hybridization in
6xSSC at 45° C. followed by one or more washings in
0.2xSSC and 0.1% SDS at 50 to 65° C.

6. The method according to claim 1, wherein the micro-
organism belongs to the genus Escherichia, the genus Pan-
toea, or the genus Corynebacterium.

7. The method according to claim 1, wherein the micro-
organism is Escherichia coli, Pantoea ananatis, or Coryne-
bacterium glutamicum.

8. The method according to claim 1, wherein said recom-
binant vector encodes Gril and GriH proteins.

9. The method according to claim 1, wherein said Gril
protein is selected from the group consisting of:

(A) a protein comprising the amino acid sequence of SEQ

ID NO:9 or SEQ ID NO: 18;

(B) a protein comprising the amino acid sequence of SEQ
ID NO: 9 or SEQ ID NO: 18, but having no more than
one to ten amino acid substitutions, deletions, inser-
tions or additions in said amino acid sequence and said
protein having aldolase activity;
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(C) a protein comprising an amino acid sequence having
95% or more sequence identity to the amino acid
sequence of SEQ ID NO: 9 or SEQ ID NO: 18 and
having aldolase activity; and

(D) combinations thereof; and

wherein said GriH protein is selected from the group
consisting of:

(E) a protein comprising the amino acid sequence of SEQ
ID NO: 11 or SEQ ID NO:20;

(F) a protein comprising the amino acid sequence of SEQ
ID NO: 11 or SEQ ID NO:20, but having no more than
one to ten amino acid substitutions, deletions, inser-
tions or additions in said amino acid sequence and said
protein having 3-amino-4- hydroxybenzoic acid syn-
thase activity;

(G) a protein comprising an amino acid sequence having
95% or more sequence identity to the amino acid
sequence of SEQ ID NO: 11 or SEQ ID NO:20 and
having 3-amino-4-hydroxybenzoic acid synthase activ-
ity; and

(H) combinations thereof.

10. The method according to claim 1, wherein said Gril
protein is encoded by a DNA selected from the group
consisting of:

(a) a DNA comprising the nucleotide sequence of SEQ ID

NO: 10 or SEQ ID NO:19;

(b) a DNA that hybridizes under stringent conditions with
the nucleotide sequence complementary to the nucleo-
tide sequence of SEQ ID NO: 10 or SEQ ID NO: 19 and
wherein said DNA encodes a protein having aldolase
activity;

(c) a DNA that has 95% or more sequence identity to the
nucleotide sequence of SEQ ID NO: 10 or SEQ ID NO:
19 and encodes a protein having aldolase activity; and

wherein said GriH protein is encoded by a DNA selected
from the group consisting of:

(d) a DNA comprising the nucleotide sequence of SEQ ID
NO: 12 or SEQ ID NO:21;

(e) a DNA that hybridizes under stringent conditions with
the nucleotide sequence complementary to the nucleo-
tide sequence of SEQ ID NO:12 or SEQ ID NO: 21 and
wherein said DNA encodes a protein having 3-amino-
4-hydroxybenzoic acid synthase activity; and

() a DNA that has 95% or more sequence identity to the
nucleotide, sequence of SEQ ID NO:12 or SEQ ID
NO:21 and encodes a protein having 3-amino-4-hy-
droxybenzoic acid synthase activity; and

(g) combinations thereof, and

wherein the stringent conditions include hybridization in
6xSSC at 45° C. followed by one or more washings in
0.2xSSC and 0.1% SDS at 50 to 65° C.
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